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DETERMINATIONS OP LATITUDE, GRAVITY, AND THE MAGNETIC ELE- 
MENTS AT STATIONS IN THE HAWAIIAN ISLANDS, INCLUDING A RESULT 
FOR THE MEAN DENSITY OP THE EARTH. 1891, 1892. 



A report by E. D. Preston, Assistant. 
Submitted for publication June 30, 1894. 



While engaged in astronomical observations in the Hawaiian Islands 
in 1891-92, in cooperation with the work of the International Geodetic 
Association, occasion was taken to make a continuous study for one 
year of the force of gravity at Waikiki. 

After the work had been completed at this place an expedition was 
undertaken to the summit of Mauna Kea, an extinct crater, having an 
elevation of 13 825 feet. The object of this trip was the determination 
of the force of gravity at the base and summit, from which the density 
of the mountain and the mean density of the earth might be deduced. 
Availing ourselves of the occupation of this unique station, magnetic, 
latitude, and hypsometrical observations were carried on, besides 
making a trigonometric and topographic survey of the great plateau 
at an elevation of about 12 500 feet. When this was done, some mag- 
netic observations were made at other points of the group, notably at 
!Napoopoo, Kealakeakua Bay, on the lee side of Hawaii, where Captain 
Cook made similar observations in 1779, and at Lahaina, Maui, where 
De Freycinet had an observatory in 1819. For an account of other 
work done in the Hawaiian Islands in 1891-92 the reader is referred to 
Appendix No. 12, Coast and Geodetic Survey Eeport, 1891 (Transit of 
Mercury)^ Appendix No. 13, Coast and Geodetic Survey Eeport, 1891 
(Preliminary note on the occupation of stations in the Hawaiian 
Islands) ; Appendix No. 2, Eeport for 1892 (On the variation of latitude 
at Waikiki, near Honolulu, from observations made in connection with 
the International Geodetic Association), and Bulletin No. 28, on the 
Constant of Aberration. 

S. Ex. 19, pt. 2 33 513 
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The following report has to deal with — 

I. Gravity observations at Waikiki. 

II. Gravity observations at Honolula, Kawaihae, Ealaieba, and Waiau (summit of 
Manna Kea). 

III. Latitude observations at Kawaihae, Kalaieha, Waiau, and Labaina. 

IV . Magnetic observations at Kabuku, Waikiki, and Honolulu, on Oahu ; at Kawai- 

bae, Waimea, Kalaieba, Waiau, Hilo, and Napoopoo, on Hawaii ; at Labaina, 
on Maui ; at Waimea, on Kauai, and at Nouopapa, on Niibau. 
y. Hypsometrical observations at Honolulu, Hilo, Kawaibae, Waimea, Kalaieba, 
and Waiau. 
Tbe location of these stations is shown in Illustration No. 23. 

The gravity observations at Waikiki were made in connection with 
the International Geodetic Association work. The subsequent deter- 
minations were carried on with the cooperation of the Hawaiian Gov- 
ernment Survey. The greater part of the ext)ense was borne by this 
Bureau, and the personnel of the party was largely composed of mem- 
bers of the staff. Prof, W. D. Alexander, the accomplished surveyor- 
general of the islands, accompanied the expedition to the island of 
Hawaii and remained with us at all stations except Hilo. During the 
occupation of the summit of Mauna Kea he assumed tbe difficult task 
of making a trigonometrical survey of the plateau. The peaks have 
an altitude of nearly 14 000 feet and are composed largely of scoria and 
red volcanic sand, which makes the ascent one requiring extraordinary 
endurance. In this work he was assisted by Mr. J, M. Muir, who vol- 
untarily accompanied the expedition without compensation and whose 
services were of great value. The other members of the party were 
Mr. W. E. Wall, Mr. E. D. Baldwin, and Mr. Y- W. Chamberlain, of the 
Government Survey staff. Mr. Louis Koch performed the duties of 
steward, a service of some difl&culty and of great importance to a party 
encamped above the clouds, and Kauvre, an intelligent Kanaka, acted 
as guide both during the ascent and on the return. In the computa- 
tions I had the help of Mr. C. C. Yates during the latter part of the 
work. 

PRELIMINARY AND OONCLUDINa OBSERVATIONS AT WASHINGTON. 

The gravity work of 1891-92 was entirely of a diflferential character. 
The continuous determinations at Waikiki simply required that the 
pendulums should receive no accident during the year of occupation, 
while the observations for the density of Mauna Kea only made it 
necessary to guard against accident between the times of swinging at 
the base and summit of the mountain. It is evident, however, that if 
the periods of oscillation of the three pendulums are determined in 
Washington before leaving on the expedition and again on the return 
an agreement of these two determinations will give increased confi- 
dence in all the work executed during the trip. In April 1891, the 
following values were found for the periods of oscillation of pendulums 
J5i, -^2, and B3 at the Smithsonian Institution. They are reduced to 
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a tempeFature of 15° 0., a pressure of 600°*°^ at 0° C, to an infinitely 
small arc and sidereal time. 

Bi = 0-500 782 8M 

B2 = 0-500 696 2 >Mean = 0-500 703 8» 

^3 = 0-500 632 51 

Before the return of the expedition, in October, 1892, the base station 
at Washington had been transferred from the Smithsonian Institution 
to tbe Coast and Geodetic Survey Office. The periods were therefore 
determined at the latter place. 

The following is the result : 



Bi = 0-500 779 4«1 
B2 = 0-500 696 
^3 = 0-500 631 3 . 



>Mean = 0-500 701 9» 



A comparison of the above values gives a diminished period for all 
three pendulums. We have the excess of the time of oscillation in 
April, 1891, at the Smithsonian Institution, over that in December^ 
1892, at the Coast and Geodetic Survey Office, as follows: 



For Bi=+ 0-000 003 4»1 
B2=+ 0-000 001 2 
^3 = + 0-000 001 2 J 



> + 0-000 001 9- 



These two stations were connected by simultaneous determinations 
of gravity by Mr. Putnam and Mr. Von der Trenck. The result gave 
an excess of the period at the Coast and Geodetic Survey Office over 
that at the Smithsonian Institution of 0-000 000 5". So that we have a 
mean decrease in the period of oscillation of the B pendulums conse- 
quent upon the work outside of the United States of 0-000 002 4". This 
is about 1 part in 400 000. When we consider that these pendulums 
were in continual service for more than a year at Waikiki, that they 
were transported on mule back to an elevation of over 13 000 feet, 
where the observations were made under difficult and adverse circum- 
stances, and that numerous other stations were occapied in the 
Hawaiian Islands and in this country, this close agreement between 
the periods of oscillation before and after the expedition must be 
regarded as highly satisfactory. 

In regard to the accuracy attainable in the general method of optical 
coincidences as practiced in this work, it appears to be far beyond 
what is necessary. If c = the interval in seconds between two coin- 
cidences, and if in that time tbe pendulum has gained or lost one beat 
on the timepiece, the time {t) of one oscillation is 

c 

2c ±1 
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The accuracy with which t is determiued depends both on the length 

of the interval and the rate of the pendulum on the timepiece, but 

principally on the former. Differentiating the above expression gives 

approximately 

Azdc 



dt = 



4c2 



Where the pendulum period is nearly an aliquot part of that of the 
timepiece and the interval between two coincidences is 15 minutes, 
or say 1 000 seconds, an observation of c to the nearest second will 
only produce an error in the length of the period of one part in eight 
million. 

The following are t)he observations at Washington before and after 
the expedition. The computations, as well as the observations, were 
made by Mr. G. R. Putnam, Assistant Coast and Geodetic Survey. 
The arc corrections were computed by Borda's formula. The tempera- 
ture coeflBcient was determined empirically by observations at high and 
low temperatures in April, 1891. The increase in period for 1° 0. increase 
in temperature was found to be: 



pendulum Bi 


0-000 004 16« 


B, 


422 


B, 


4 08 



The mean of these, which is 0*000 004 15>, was used in the reductions. 
From the coeflBcient of expansion of the pendulum alloy, as determined 
by the Oflftce of Standard Weights and Measures, we get 0*000 004 14«. 

The pressure coeflBcient was determined in April, 1891. The mean 
for the three pendulums was found to be 0*000 000 078 9*, representing 
the increase in period for an increase of 1™™ in pressure at 0° C. 

The correction to the period is therefore. 



■ ~^[ l+0.00367e -^^] 



where P is the difference between the readings of the barometer and 
manometer and t is the temperature. This reduces the period to that at 
a pressure of 500°»«» at Oo 0. 

The chronometer rates were. determined in April, 1891, from United 
States Kaval Observatory signals, and in December, 1892, by time 
observations, by Mr. Putnam. 

The gravity work for all the stations is published according to the 
following scheme: 

Column I indicates the pendulum. 

Column II, the position (direct or reverse. 

Column III, the number of the swing. 

Column TV J the date. 
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Column Y, the number of seconds between the first and eleventh 
coincidence. 

Columns YI and YII indicate the arc through which the pendulum 
was swinging at the first and eleventh coincidence. 

Column YIII indicates the corrected temperature. 

Column IX, the manometer reading. 

Column X, indicates the barometer reading. 

Column XI, the pressure in the receiver at a temperature of 0^ C. 

The uncorrected periods, the different corrections, and finally the 
corrected period in sidereal time are given in the following table: 
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Pendulum ohsenfatioms^ Washington, D, C, (Smihsonian Institution), 

[Observer: G."R.' 



Pendu- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


Time of 
ten coinci- 
dence inter- 
vals. 


Semi 


i-arc. 


Temper- 
ature. 


Manom- 
eter. 


Barom- 
eter. 


Pressure 
at o* C. 


Initial. 


Final. 






1 891. 


Seconds. 


fnfn. 


mm. 


<>C. 


mm. 


mm. 


mm. 


B. 

• 


D 


I 
2 

13 
19 


Apr. 15 

15 
16 

16 


3267 'O 
3266-0 
327 10 
3260*0 


5 35 
525 

5-85 
530 


3*85 

3»5 
4-10 

3 -So 


2093 
20*98 
20*93 
21*08 


224*2 
223*0 
228*6 
228*4 


765*1 

7653 
768*7 
766*9 


500*6 
501*9 

499*9 
498-3 


Bi 


R 


3 

4 

14 
22 


15 

15 
16 

16 


32525 
3257*0 
3260-0 
3261*8 


5*20 

5*35 
5*70 
5*25 


3*80 
3*8o 

3*90 
3*20 


21-08 
2118 
20*93 
21*10 


226*5 
225-5 
229*0 
226*2 


765*3 
765*3 
768*3 
767*8 


498*4 

499*1 
499*2 
501 


B, 


D 


5 
6 

15 
20 


15 

«5 
16 

16 


3645*0 
36530 
3600*0 
3662*0 


5*30 
5*40 

530 
530 


3*55 
3*85 
3*65 
3*75 


21*28 
21*36 
20*98 
21-08 


203*7 
227*2 
229*4 
231*0 


765*0 
764*6 

767*7 
765*5 


519*0 
496*7 
498*2 

4963 


B, 


R 


7 
8 

16 
23 


15 

15 
16 

17 


3666*5 
3670*0 
3681*0 
3708*0 


5-20 

530 
5-25 
5*25 


370 
3*75 
3*75 
350 

• 


21-40 
21*40 
21 -06 
2o*57 


226*7 
224*8 
229*4 
215*4 


764*4 

764*3 
767*2 

770*2 


496*9 
498*6 

497-6 

514*2 


B, 


D 


9 
10 

17 
21 


15 

16 

16 
16 


4042-5 

4044*5 

4054*5 
4047*0 


5-20 

5*35 
5 00 

5 00 


325 

3*75 
320 

3*20 


21-40 

2074 
21*08 

2I'IO 


224*6 
227*7 
228*2 
230*0 


764*4 
769*2 
766*9 
767*8 


498*8 

501*5 
498-4 

497*5 


B3 


R 


II 
12 

18 

24 


16 
16 
16 

17 


4054*5 

40535 
4050*5 

40995 


5-30 
530 
4*85 
4*80 


3*6o 
370 
3*25 

3*20 


20*81 

20-88 

2I'IO 
2059 


227*2 
230*0 
228*1 
234*8 


769-1 
769*0 
766*8 
770*1 


501 -8 
4989 
498-4 

495 9 
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Beduction of pendulum observationSf Washington, D. C. (Smiihaonian Inaiitution), 
[Periods reduced to tempwature, 15(> C ; pressare, 500**" at 0° C. ; arc infinitely small; sidereal time.] 



Pendu- 
lum. 


Swing. 


Period uncor- 
rected. 


Corrections (in seventh decimal place). 


Period corrected. 


Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 


B, 
B, 

B, 
B, 

B, 
B, 


I 
2 

13 
19 

3 

4 

14 

22 
5 

6 
'5 

20 

7 
8 

i6 

23 

9 

lO 

17 

21 

II 
12 
l8 

24 


Seconds. 
0*500 7664 
7666 

7655 
7680 

0*500 7698 
7688 
7680 
7676 

0-500 6868 

6853 
6829 

6836 

0-500 6828 
6821 
6801 
6751 

0-500 6192 
6189 

6174 
6185 

0-500 6174 

6175 
6180 

6106 


—74 

—73 
—86 

-73 

—71 

—74 
—81 

^62 

—68 

—75 
-70 
—72 

—70 
—72 
-71 

-67 

62 

—73 
—59 
—59 

-69 
-71 
—57 
-56 


— 246 
—248 
— 246 
— 252 

— 252 
—256 
— 246 

-253 

— 261 
— 264 
—248 
—252 

—266 
—266 
—251 
—231 

266 
—238 
— 252 
-253 

—241 
—244 

—253 
—232 




— I 


+ I 

+ I 
+ I 

+ I 

— 1 

-15 

+ 3 

+ I 
+ 3 

+ 2 
+ I 
+ 2 
— II 

+ I 

— I 

+ I 
+ 2 

— I 

+ I 
+ I 
+ 3 


4-486 
+486 

+457 
+468 

Direct 

4-486 
4-486 
4-468 
4-468 

Reverse 

Mean 

4-486 

+457 
4-468 

4-468 
Direct 

+457 

+457 
4-468 

4-468 

Reverse 

Mean 

+457 
+457 
4-468 
+468 

Direct 

+457 

+457 
4-468 

+468 

Reverse 

Mean 


Seconds. 
0500 7830 

7830 
7780 
7824 


0-500 7816 


0-500 7862 

7845 
7822 

7828 


0500 7839 


0500 7828 


0-500 7010 

6974 
6980 

6983 


0-500 6987 


0-5006951 
6941 

6949 
6910 


0500 6938 


0*500 6962 


0*500 6322 

6334 
6332 
6343 


0*500 6333 


0*500 6320 
6318 

6339 
6289 


0-500 6316 


0-500 6324 
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Pendulum ohaervations, Washington, D, C. (Coast and Oeodetic Survey Office), 

[Observer : Cr. R. Pntnam.] 



Pen- 
du- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


No. of 
coinci- 
dence 
inter- 
vals. 


Time of 
ten coin- 
cidence 
intervals. 


Semiarc. 


Tem- 

\ VCZr 

ture. 


Manom- 
eter. 


Barom- 
eter. 


Pressure 
ato«»C. 


Initial. 


Final 




1892. 




Seccmds. 


mm. 


mm. 


«C. 


mm. 


mm. 


mm. 


B, 


D 


13 


Dec. 14 


14 


32954 


5-35 


350 


1200 


2329 


764-6 


5083 






14 


15 


10 


3297-0 


535 


4-00 


11-88 


239*6 


767-4 


504-8 






15 


IS 


10 


32965 


5*30 


3 95 


"•93 


2393 


767-4 


5050 






16 


15 


10 


32955 


5-25 


380 


u-97 


237*6 


766-8 


505-9 






31 


17 


16 


3292*2 


5-40 


3*25 


12*40 


2377 


762*4 


500*9 






32 


18 


10 


32945 


5*30 


3 95 


11-95 


240*0 


763-8 


500*9 


B, 


R 


17 


15 


10 


3281-5 


5-15 


3-85 


12*17 


216*4 


765*8 


5250 






18 


15 


10 


3287-5 


5-25 


3-80 


12-35 


2468 


765-5 


495*3 






19 


15 


10 


32835 


5*30 


3-80 


12-45 


244-2 


765-4 


497*5 






33 


18 


6 


32967 


5 20 


4*35 


"•83 


239*4 


761*5 


499-4 






34 


18 


12 


32979 


530 


370 


11-83 


237-5 


761*5 


501*2 


B, 


D 


7 


14 


10 


3729-0 


5-40 


3-80 


II'20 


241*5 


762*6 


499-6 






8 


H 


10 


3725-0 


5-40 


4-00 


11-30 


2431 


762-8 


498*2 






9 


14 


10 


3723-0 


5*40 


390 


11*40 


240*4 


7625 


500*2 






26 


17 


10 


3706-0 


5*35 


3-80 


"•93 


242*8 


761*9 


496*4 






27 


17 


10 


3705-0 


530 


3*8o 


11-95 


240*0 


761*6 


498*8 






28 


17 


10 


3704*5 


530 


3*8o 


12*00 


239-2 


761-0 


498*9 
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Beduotion of pendulum observationSf Wcishington, D, C, (Coast and Geodetic Survey Office), 
[Periods reduced to temperature 15° C; pressure, 500">" at (P C; arc infinitely small; sidereal time.] 



Pendu- 
him. 




Period uncor- 
rected. 


Corrections (in seventh decimal place). 




Swing. 




m 






Period corrected. 








Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 








Seconds. 










Seconds. 


Bi 


13 


0*500 7598 


68 


+ 124 


— 6 


+ 152 


0*500 7800 




H 


7594 


-77 


+ 129 


— 4 


+ 142 


784 




15 


7595 


-75 


+ 127 


- 4 


+ 142 • 


785 




16 


7598 


—72 


+ 126 


— 5 


-142 


789 




31 


7606 


-65 


+ 108 


— I 


+ 144 


792 


Bi 


32 
17 


7600 
0*500 7630 


-75 
—71 


-I-126 

+ 117 


— 1 
— 20 


+ 145 
Direct 

+ 142 


795 


0*500 7791 


0*500 7798 




18 


7616 


—72. 


-|-IIO 


+ 4 


+ 142 


800 




19 


7625 


-73 


-fio6 


+ 2 


+ 142 


802 




33 


7595 


—80 


+132 





+H5 


792 


Bfl 


34 
7 


7592 
0*5006713 


—71 

—74 


+ 132 
+158 


— I 



+ H5 
Reverse 

Mean 
-I-162 


797 


0*500 7798 


0500 7794 


0*500 6959 




8 


6720 


-78 


-154 


+ I 


+ 162 


959 




9 


6724 


-76 


+ 149 





-1-162 


959 




26 


6755 


—74 


+ 127 


+ 3 


+ 143 


954 




27 


6757 


-73 


+ 126 


+ I 


+143 


954 




28 


6758 


-73 


-1-124 


+ I 


+ 143 
Direct 


953 


0*500 6956 
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nikservations, Washington, D, C. {Coast and Geodetic Sttrvey Office), 

[Observer: G. R. Putaiam.] 



Pen- 
du- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


No. of 
coinci- 
dence 
inter- 
vals. 


Time of 
ten coin- 
cidence 
intervals. 


Semi-arc. 


Tem- 
pera- 
ture. 


Manom- 
eter. 

tnfUm 


Barem- 
eter. 


Pressure 
at o«» C. 


InitiaL 


Final. 
fttfttt 




1892. 




Seconds, 


fntn. 


*>C 


PlPlm 


fnfn. 


Ba 


R 


10 


Dec. 14 


10 


3730-5 


5-35 


3-65 


11-50 


243-6 


762*2 


496*7 






II 


14 


10 


3726-0 


5*25 


3 '75 


11*67 


241*7 


762*4 


4984 






12 


14 


10 


37235 


5 '20 


3-80 


11*77 


244-0 


762*7 


4963 






29 


17 


10 


37130 


5-30 


3-90 


12*13 


244*0 


700*0 


4930 






30 


17 


10 


3709-5 


5-30 


3-80 


12*27 


241*1 


760*0 


495*6 


B3 


D 


I 


12 


12 


4122*1 


5*90 


3-60 


11-45 


235-2 


774'9 


517*0 






2 


13 


10 


4143-5 


5*25 


3-40 


10*90 


241*5 


772*6 


5097 






3 


13 


10 


4145-5 


5*20 


3-45 


10*97 


2524 


771-9 


498*4 






20 


15 


14 


40929 


5'io 


3-10 


12-55 


240*0 


766*6 


502*4 






21 


16 


10 


40965 


4-85 


3-30 


12*23 


244*8 


767-9 


4997 






22 


16 


12 


4096*2 


4*90 


315 


12*27 


241*6 


767*8 


502*5 


Bs 


R 


4 


13 


10 


4125-0 


4-85 


3*30 


ii'i3 


2396 


770-7 


509*2 






5 


13 


10 


4129*0 


4-«5 


330 


11-25 


254-9 


769-8 


493*6 






6 


13 


10 


4125*0 


4-85 


3*30 


"•33 


246-7 


769*2 


500*7 






23 


16 


10 


4083*5 


4-85 


3-30 


12*40 


243-5 


766*8 


499*6 






24 


16 


10 


4081*0 


4-85 


3-30 


12*45 


241-4 


766*5 


501*2 






25 


16 


10 


4080*0 


4-85 


3*30 


12*45 


239*6 


766*4 


502-8 
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BedneHoti of pmialvm obierration; JFathington, D. C. {Coait and Geodetic Survey Office). 
[Period! rednoed to temperature 15f C; preaeDre, 500-' at 0° C; are iuBullel}- smiUl; Biderul UoM.} 



Pendu- 




Period uncor- 


Conectlonsdnse 


emh dednuil pUre). 




Swing. 


Art. 


T<™^^. 


Pressure. 


Rate. 


Period CDrm;ced. 






SrcoBfli. 










Seiotuli. 


B, 




0500 6710 




+ I4S 


+ 3 


+ 162 


0-500 6949 






6719 




+ 138 




+ 161 


949 






- 6723 




+ 134 


li 


+ 162 


951 




29 


6742 


—74 


+ 119 


+ «43 


936 


B, 


30 


6748 

o'soo 6072 


—73 


+"3 

+147 


+ 3 
-13 


+ 143 
Reverse 
Mean 

-1-162 


934 


0-500 69^4 


0-500 6950 


0-500 6290 






6041 




+170 


- 8 


-1-162 


300 




3 


6038 




+167 


+ 1 


-I-162 


303 






6116 








4-142 


300 






6110 




+11S 




+ '43 


310 


B, 


4 


6111 

o-5cw6o68 


-58 


+"3 
+161 


— 7 


+ 143 
Direct 


309 


0-500 6302 




■162 


0-500 6326 




.5 


6o6! 


-58 


+ 'S6 


+ S 




■ 162 


3*7 




6 


6068 


-58 


+ 152 






-162 


323 




'i 


6130 


-58 


+ 108 






143 


323 




H 


6134 


-58 


+ 106 






■43 


324 




'5 


6"3S 


-58 


+ 106 






h'43 


324 


Reverse 


0-500 6324 


M 


eaD 


O-500 63.3 
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aRAVITY OBSERVATIONS AT WAIKIKI. 

For a description of this station it will be safficient to refer to 
Appendix Ko. 2, Eeport of Coast and Geodetic Survey for 1892. 
The pendulum apparatus has been described by Mr. G. E. Putman in 
a special report by the Superintendent on the "Determination of 
gravity/' Appendix No. 16, Eeport of Coast and Geodetic Survey for 
1891. This paper may be consulted for all details of construction and 
manipulation. A general view of the apparatus is shown in illustra- 
tion K"o. 24. 

The observations for the force of gravity at Waikiki were begun on 
June 9, 1891, and continued until June 11, 1892. During this time 190 
nights' work were obtained. The determinations were limited to those 
nights on which satisfactory star observations could be made, and the 
pendulum was swung during the time that the regular international 
latitude investigations were carried on. This made the duration of 
the swings somewhat variable, but the pendulum in nearly every case 
was allowed to oscillate for several consecutive hours. The plan gen- 
erally followed was this: In the early evening, after one or two pairs 
of stars had been obtained for latitude, one circumpolar and several 
time stars were observed with the instrument in the position ** clamp 
west." The pendulum was then started, after which the meridian 
telescope was reversed to the position "clamp east" and a few more 
stars taken. A circumpolar was obtained in the second position when 
possible, but this was not considered essential. The advantage of the 
foregoing scheme is that the pendulum apparatus has time to take the 
evening temperature before beginning the swing, and that the begin- 
ning of the swing is referred to the epoch Qf the reversal of the instru- 
ment. The telescope was allowed to remain with "clamp east" until 
the close of the night's work, when another half set was observed. 

Inasmuch as we desire only differential rates for the chronometer, 
we have here the corrections determined before and after the swing 
almost entirely independent of the instrumental constants. The effect 
of azimuth was entirely eliminated by observing stars north and south 
of the zenith. The level was directly observed, but since the instru- 
ment was not reversed during the swing, the change was inappreciable, 
and whatever the collimation, as there was no reversal, its effect on 
the difference of the clock corrections is insignificant. 

The instrumental constants were quite small during the entire year. 
Moreover, since the same stars were observed from night to night the 
chronometer rates are independent of any errors in the right ascen- 
sions. It is believed that this work reaches all the accuracy attainable 
with this set of instruments. The arrangement of the time observa- 
tions, the method employed of interchanging the pendulums, and the 
precautions taken in the temperature and pressure conditions seem to 
exhaust the precision of manipulation, so that any discrepancies must 
be attributed either to the construction of the instruments or to real 
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differences in the force of gravity. The principal defect in the appa- 
ratus was in the means of reading the amplitude of oscillation. At 
the beginning of the swing the half amplitude was usually about 1°, or 
a distance of 5™" on the scale at the pendulum point, which is 297™°* 
below the knife edge. After an hour and a half this half amplitude 
had decreased to about O^'S or to 3«»">, and the correction to reduce the 
time of one oscillation to what it would have been in an infinitely small 
arc is 0-000 005 6^ N^ow. an error of one-tenth of a millimetrp in esti- 
mating the amplitude would produce an error of rather more than 
one ten-millionth of a second in the correction for arc, so that we may 
assume that the uncertainties arising from the scale readings do not 
materially affect the deduced period as much as the millionth part of 
a second. 

The change of gravity for a small change in the latitude of the place 
may be obtained by differentiating the equation 

g=C + D sin* (p 

where G is the force of gravity at the equator, and D is the increase 
in this force in passing from the equator to the pole, the unit being 
taken in metres. For a value of ^ = 21o 16' we get 

dg = 0-0338 dq? 

A change, therefore, of 1" in the latitude would give a change of 

SOOOOO ^"^ 6100 000 ^^ ^ "'^^^^ ^^ *^^ ^^^^^ ^^^ ^^^' ^ ^^ ^^^^* 60^00 000 
of the total force of gravity. 

The change of latitude at Waikiki during the entire year being six- 
tenths of a second, the force of gravity would not be disturbed from 
this cause more than 1 part in 100 000 000. 

The following table contains the chronometer corrections and instru- 
mental constants from June 4, 1891, to June 11, 1892. The value of the 
collimation is given with its appropriate sign for the position of the 
telescope with the clamp on the west side. The azimuths are given 
for those positions in which a determination was made. When no stars 
of sufficiently high declination could be obtained to bring out this con- 
stant, that of a preceding or following day was used and the corre- 
sponding tabular space is left vacant. 
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Clock rates and instrumental constants, Waikiki, Hawaiian Islands, 
[Negus sidereal chronometer No. 1825. Observer: E. D. Preston.] 















Azimuth. • 


Date. 


Epoch 
(sidereal time). 


Correction. 


Daily rate. 


Collimation 
W. 






















E. 


w. 


189I. 


A. m. 


m. 


5. 


Seconds. 


Seconds. 


Seconds. 


Seconds. 


June 4 . 


13 30 


+2 


9.92 


6 '60 


-f-o-o6 


+0-19 




6 
9 


16 00 

IS 40 




23-82 
4490 


7-06 

7-34 
7-40 

7*37 
6-88 


— -09 

+ -07 


— -62 


— 0-22 


10 


15 45 




5224 


— -09 


— -62 




II 


15 30 




59-57 


-18 


+ -'5 


— -42 


12 


15 30 




694 








13 


14 30 


+3 


1354 


624 
6-67 

6-43 
6-67 

6-97 


— -25 


— :o7 


4- -05 


15 


14 30 




26-02 


— -55 


- -59 


•80 


16 


13 15 




3237 




+ -71 • 




17 


H 30 




39 H 


•00 


+ -58 


4- -13 


18 


14 30 




45-81 


— 23 




+ '42 


19 


14 30 




5278 


+ 09 


-f -12 


— -OI 


22 


14 30 


+4 


12-58 


6-68 


-16 




•16 


24 


IS 30 




26-21 


6-i6 


-|- -12 


— -05 


+ '33 


25 


16 30 




32-62 


6-58 
6-89 
6-61 


+ -18 






26 


15 25 




3893 


+ 16 




+ -28 


27 


14 30 




45 53 


4- -17 


-f 06 




28 


15 30 




5242 


6-36 


+ -05 




•00 


30 


14 30 


+5 


4-89 


-|- -10 


+ -37 




July 4 


16 10 


— 2 


29-29 


6-64 
6-36 
7-04 
7-15 
7-20 
6-59 
6-76 
6-90 
7-76 
7-25 
7-19 
6-63 
6-79 




4- -30 




7 
8 


18 00 
17 50 




8-87 
2-56 


-f- -10 

4- "21 


H- -04 


— -22 


17 


18 30 


— 


59-20 


-j- '22 


— -14 




18 


17 50 




52-26 


-f -27 


— -26 


— -60 


22 


18 30 




23 26 


+ -27 






23 


17 45 




16-86 


- -15 


+ -41 




24 

25 
26 


17 45 

18 30 
18 00 


+0 


lo-io 
2-99 
4-62 


— 11 

— -03 


■+ -03 


- 05 

4- -04 


27 


17 45 




1 1 -So 


— -08 


-)- -21 




29 


17 45 




26-18 


— -03 


— -12 




30 


19 00 




33-16 


— 'lO 


+ -13 




31 


17 45 




39*60 


•00 


— -12 


-00 


Aug. 2 


18 15 




5271 


6 50 
625 
6-57 

6-93 
6-97 

7-09 
7-24 

7-14- 

7*34 
7-11 

7 02 
6-96 
6-76 
6-19 
6-13 
616 


— -07 


-f- -oi 


4- -13 


-5 



18 15 




58-96 


— -21 


-j- '22 


4- -19 


4 


17 45 


+1 


540 


— -11 


+ -23 


:f '33 


5 


17 30 




12-26 


— H 


+ -25 


4- '33 


6 


18 00 




19-38 


+ -04 


-f- -21 


4- -06 


7 


17 45 




26-40 


+ -OS 


4- -34 


4- -32 


10 


17 30 




48-07 


4- -04 


*- -57 


- -36 


II 


17 45 




55-28 


— -05 


— -49 


— -40 


13 


17 30 


+2 


9-91 


— -04 


— -42 


— -32 


14 


17 30 




17-02 


+ -05 


— -31 


•00 


15 


17 30 




24-04 


+ -05 


— -23 


— -31 


16 


17 30 




31-00 


— -03 


— -14 


- -38 


20 


19 30 




58-04 


-f- -lo 


— -37 


— -22 


22 


19 30 


+3 


10-42 


+ -05 


•00 


— -19 


23 


19 30 




16-55 


+ -07 


— -15 


- -38 


25 


22 00 




29-52 


6-34 
6-04 


— '07 


— -37 




26 


19 00 




35-07 


— -06 


— -18 


4- •" 


29 


19 00 




53-20 


— -08 




4- '12 




22 30 




54-06 


6-53 








31 


19 00 


+4 


6-26 


— -07 


— -45 


— -07 



♦On August 8 telescope pioved eastward. 
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Cloch rates and instrumental constants, WaikiM, Hawaiian Islands — Continned. 
[Negns sidereal chronometer No. 1825. Observer: E. D. Preston.] 



, 












Azimuth. 


Date. 


Epoch 
(sidereal time). 


Correction. 


Daily rate. 


CoUimation 
W. 






















E. 


W. 


1891. 


h. m. 


m. 


s. 


Seconds. 


Seconds. 


• 

Seconds. 


Seconds. 


Sept. 2 


19 00 


— 2 


4030 


6*47 


— 12 


— -07 


n 


6 


19 00 




14-43 


•00 


- -42 


— -22 




20 00 




1403 


6-15 
619 
6 -28 








9 


19 00 


— I 


55-59 


- -05 


— '33 


•28 


12 


19 00 




37-02 


— -07 


— -30 


— -22 


IS 
17 


19 00 

20 30 




1818 
4-83 


648 
661 


•06 
— 03 


- -36 

— -47 


'33 

— -22 


18 


19 00 


—0 


58-63 


6-35 
6-40 

6*61 


— -02 


— -41 


— -22 


19 
23 


19 00 

21 00 




5228 
26*17 


— -12 

— 05 


— -37 

— -32 


— '26 


26 


19 00 




6*84 


6-51 
661 


— -09 


— -20 


— -29 


27 


20 00 


— 


o*o6 


— -09 




— -42 


28 


19 00 


+0 


6*28 


» 






Oct. 4 


22 30 
22 34 




46-65 
46*58 


6*43 


— '20 




•60 




2 13 




47*46 








5 


22 30 




5308 




— -20 




— -60 




22 34 
2 13 




53.00 
53-88 


6*56 . 




— '27 




8 


22 30 


+ 1 


12*75 




— -lO 




— -60 




22 34 
2 15 




12*79 
13-80 


6*41 




— -43 




10 


22 30 

22 34 

00 




25-57 
2556 
26 07 


660 


•08 


+ 09 


+ -70 


14 


22 30 




51-97 


6*51 


+ •" 


+ -13 


— -11 


16 


22 30 


+2 


4*99 


+ -'3 


-f- '20 


+ -13 




22 33' 




4-98 


660 










2 15 




5*99 










22 


22 30 

22 55 
I 00 




44'6o 
44-61 
45-20 


6-53 


+ -09 




-f *io 


28 


22 30 


+3 


23 80 




— 04 


» 


— -31 




22 54 
2 04 




23 80 
2453 


6-73 




• 




30 


22 30 
22 31 

2 15 




37*26 
37 26 
38*24 


6-54 


-f -12 


+ -15 


-|- 'lO 


31 


22 30 
22 32 

2 15 




43 80 
43-81 
44-78 


6*38 


— '12 




-f -lo 


Not. I 


22 30 

22 38 

2 15 


—3 


9*82 
9*82 
8*84 


6-33 


— -04 


-f- -07 


-f -08 


4 


22 30 
22 38 

2 15 


—2 


50*82 
50*82 
49-84 


6-33 


— -04 


•06 




6 


22 30 

22 37 

2 15 




38-16 
38-16 
37-06 


6*49 


— -04 


— '22 


— 32 


7 
8 


22 30 

23 00 
23 02 




31-67 
2550 
25-49 


6-os 
6*29 


— -lO 


- -25 


- -28 




I 30 




24*90 
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Clock rates and instrumental consiants, Waikikit Hawaiian Islands — Continued. 
[Negus sidereal chronometer No. 1825. Observer: E. D. Preston.] 













Azimuth. 


Date. 


Epoch 
(sidereal time). 


Correction. 


Daily rate. 


CoUimation 
W. 




















E. 


w. 


1891. 


h. m. 


m. s. 


Seconds. 


Seconds. 


Seconds. 


Setonds. 


Nov. 12 


I 00 


— I 5986 


.6-38 


•00 


-00 


+ -35 


13 


22 30 


54*14 


— '12 


4- -30 


•00 




22 37 
2 15 


5413 
53*21 


6*40 








14 


22 30 

22 37 

2 15 


47*74 
47*78 
46*74 


6-62 


— 'lO 


-f '22 


+ -05 


17 


22 30 
22 36 


27 -86 
27 -86 


6*90 


— -03 


— -oi 


-f- 'li- 




2 15 


26*75 








19 


30 


—I 13*45 


6-52 


+ 13 


+1-97 


+1*75 




5 30 


1210 










5 44 


1 2 08 










21 


30 

35 
5 30 


00 40 
0045 

—0 59 "GO 


6-6i 


-|- -20 




+ -42 


22 


I 30 


53*51 


648 
6-59 
6-70 


+ *I4 


+ -18 


+ *47 


23 
28 

30 


I 00 
I 00 
30 


4716 
14-22 
00-96 


-f -12 

[— -04 
- 04 


-00 
From Nov. 30 
+ -67 


+ *27 

+ -21] 
-f -21 




36 
5 30 


00-85 
+0 oo-ii 


6-42 








Dec. I 


30 
36 


05-46 
05*45 


6-43 






-f- '22 




5 30 


06-36 




+ -55 




5 


I 00 


31*32 








+ *4i 




5 30 
5 32 


32-55 
32-55 


6-43 


+ -15 


• 




6 


30 


37*63 


6-60 


+ -15 


From Dec. s 


4- -44 


7 
9 


I 00 
30 
35 


44-36 

57-26 

57-28 


651 
6-45 


- -05 


+ -57 


-f 'ZZ 




5 30, 


58-52 


-08 


•06 


4- -25 


10 


30 


+1 03-71 


6-34 
6-6i 






•00 


II 


I 00 ■ 


10-17 


+ -15 


4- -26 


— -11 


12 


I 00 
33 


16-78 
16-78 


6-35 










5 30 


17-99 


— -06 


- -36 


— -20 


IS 


I 00 

I 34 


35-84 
35*83 


6-34 










5 30 


37*10 


— '24 


— -40 


— "53 


17 


30 


48-38 


6*15 






+ •" 


19 


30 


4-2 00-68 


+ •" 




— '09 




34 


00-77 


5*93 










5 30 


02 -oo 




•00 




20 
21 


30 
30 


06 '6 1 
12-96 


6*35 
6'oo 








22 


30 


18-96 


6-26 








23 


30 
Z3 


25-22 
25-21 


6-67 


-f- *20 




— -30 




5 30 


26-74 




— -31 




24 


30 


31*89 


6-58 






— -15 


25 


30 


38*47 


+ -08 


+ -15 


4- -06 




38 


38*48 


6-43 










5 30 


39*82 






- 
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Clock rates and instrumental constants j TVaikiki, Hawaiian Islands — Continued. 
[Negu.H sidereal cbronometer No. 1825. Observer: E. D. Treston.] 



Date. 


Epoch 
(sidereal lime). 


C'orrection. 


Daily rate. 


Collimation 
W. 


189I. 


//. ;//. 


m. s. 


Seconds. 


Seconds. 


Dec. 26 


I 30 


+ 2 45-17 








5 30 


46-46 


6-62 


-fo-17 




5 40 


46-48 


v/ \J ^ 




27 
28 


30 
30 


51-52 
58-00 


6-48 






31 
5 30 


5800 
59-24 


6-42 


+ -09 


29 


30 


1-3 04-42 








31 


04-42 


5-88 






5 30 


05-62 


-Y -04 


30 


30 


10-30 




1 




3} 
5 30 


10-29 
11-42 


5-82 


-f -05 


1892. 










Jan. I 

2 


30 
30 


2194 
-3 3231 


5-75 
6-01 

5-77 




3 

5 


30 

1 00 


26-30 
14-64 


-j- -02 




I 38 
5 30 


14-64 
13-66 


5-59 




6 
10 
II 


5 00 
5 00 
5 30 


0812 
— 2 46-04 

40-34 


5-52 
5-59 


-f -26 

-|- -lo 




5 46 


40-36 


5-71 






7 30 


39-85 


-j- -lo 


12 


5 30 


34-63 








5 46 


34-62 


^ * 1 f^ 






8 00 


34-00 


5 49 


[f -12] 


16 
18 


5 30 
5 CO 


12-66 
oi-ii 


5-83 


+ ••07 




8 00 


00-58 


5-79 


[ - . 10' 




19 


5 00 


-I 55-32 


6 -06 


[ — -lo 




20 


5 00 


49-26 




1 

1 




8 00 


48-70 


5-62 


•10 ! 




8 14 


4869 




21 


5 00 


43-64 








5 02 

/-J 


43-60 


5-26 






8 00 


42-97 


-lO 


23 


5 00 


33'i2 








5 02 
8 00 


33-14 
3250 


5-40 


— -lo 


24 


5 00 


27-72 








4 57 


27-71 


5-82 






8 00 


27-00 


- -08 


25 


5 00 


21-90 








^ 00 
8 05 


20-84 
20-84 


6-43 




27 


5 00 


0904 








8 00 

8 40 

• 


0833 
08 30 


5-87 


-j- -02 


Feb. 2 


8 CX5 


—0 3312 








8 00 


33-^3 




— 13 


3 


5 00 


28-26 






^ 


4 56 


2826 


5 50 




1 


S Fv 


1Q nt, 9 : 


u 









Azimuth. 



E. 



W 



—0-31 



— -32 

— •'9 

-f- -17 



— -lo 



4- -20 



+ -15 



— 14 



-f- -41 



Seconds, 




•00 




•10 
•16 




•22 




•16 


p 

-r 


•13 
•14 




•17 




•00 


i- 


•40 
•26 


[- 


•20] 


— 


•08 
•25 


• — 


•14 




•21 




•21 




•10 

J 
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Clnliai(8 and instrumental constants, Waikiki, Hawaiian Isl ands — Contimu'd , 
[Negua sidereal chronometer No. 1825. Observer: E. D. Preston.] 





•^ 








Azimuth. 




Date. 


Epoch 
(sidereal time). 


Correction. 


Daily rate. 


Collimation 










1 










Scwnds. 


E. 


w. 


1 


1892. 


/l. VI. 


tn. s. 


Seconds. 


Seconds. 


Seconds. 




Feb. 4 


8 00 
5 00 


— 27 -63 
22 5 1 


5-75 


— 0-04 




— oil 






8 00 
8 41 


2172 
2172 


5 93 


— -04 


-00 






6 


5 00 
8 00 


10-64 
09-92 


5*86 












8 41 


09-83 


-f -02 




■00 




8 


5 00 


-\-o 01 -08 














8 00 
8 41 


01 85 

01 -86 


5-47 


•00 




4- 16 




12 


5 00 


22-94 














5 30 

8 00 


22-82 
23 62 


5 24 


•00 




+ -13 




13 


5 00 
5 22 


28-18 
28 24 








— 23 






8 00 


28-84 


5-13 


— 03 








14 


5 00 
4 55 


33 3^ 
3332 


4 94 






s 






8 00 


34" 






— -lO 




19 


7 30 


5851 


5-02 
5-01 


•00 








20 
21 


5 00 
5 00 


-|-i 03-01 
08 02 


-00 




-- -06 ■ 
— -05 






4 55 
8 00 


c8o2 

08-51 


5-07 


•00 


- -46 






22 . 


5 00 


1309 


498 


- -05 




•00 




23 


5 00 


18-07 












4 55 
8 00 


1 8 07 
18-72 


5-47 


•OS 




+ *o5 




26 
27 


7 30 
7 30 

7 yi 
12 00 


3506 
4088 
40-88 
41-89 


5-82 
6-OI 


•16 
— *o7 


-00 






28 


7 30 


46-89 














8 10 
II 30 


46-89 
4780 


6-02 


- -05 


+ -30 






29 


7 30 


52-91 














7 40 
II 30 


52-90 
5381 


5-91 


— -07 


4- *32 




^ 


Mar. I 


7 33 
7 41 


— 3 01 18 
0119. 














9 00 


00 84 


5-74 


- -OS 


+ '23 






2 


7 30 
7 41 


—2 55*44 
55-44 


5*99 












II 30 


54*55 


- -05 


•00 






4 


7 30 


43*45 


6-07 


— -07 








5 


7 30 


37*38 




M 








7 41 


37*38 


5-88 












u 30 


36-41 


— *03 


•00 






8 


10 30 


19 00 


5-91 


— -03 




+ -48 




9 


7 30 


13*82 












7 41 
II 30 


13*81 
12-84 


6-17 


— -03 


+ '21 






10 


7 30 
7 40 


07 65 
07-64 


K •*« ^ 


•05 


-f -38 








II 30 


io6-68 


5 77 
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Clock rafet and instrumental constants, Waikikij Hawaiian Islands — Continued. 
[Negus sidereal chronometer No. 1825. Observer: E. D. Preston.] 



Date. 



1892. 
Mar. 13 

14 
16 

19 

20 
21 



23 
24 

29 

30 
31 

Apr. 6 
9 



10 

13 

M 

15 
16 



17 

18 
19 

20 

21 
23 

24 

25 

29 
May I 











Azimuth. 


Epoch 


Correction. 


Daily rate. 


Collimation 

w. 




— — . — — 


(sidereal time). 












E. 


w. 


A. m. 


m. s. 


Seconds. 


Seconds. 


Seconds. 


Seconds. 


7 30 


~l 50-33 


5-88 
5-82 

5-7' 
5-70 
5-91 


— 0-02 


[-fo-40] 




7 30 


44*45 


- -05 


[-f -40] 




7 30 


32-81 


•00 


•00 




7 30 . 


15-67 


— -06 


-f -25 




7 30 
7 30 


09-97 
04-06 


— -04 


[+ -25] 




7 39 


04-07 


5-82 








12 00 


02-93 


~ -04 


[+ -25] 




9 00 


— 52-05 








--0-70 


9 07 
12 00 


52-05 
51-52 


5-76 


— -12 


+ -50 




7 30 


46-66 




— -04 


-h -30 




7 39 


46-65 


5-79 








II 30 


45-7^ 






. 


7 30 


17-73 










7 39 


17-72 


577 








II 30 


1 6 -88 


-f- -26 


-f- -70 




7 30 


11-96 




+ -25 






7 38 


11-98 


5*86 








II 30 


1 1 -06 




+ -54 




7 30 


06-10 




•GO 






7 38 


061 1 


■« - >B ^-V 








II 30 


05 -28 


5 79 




+ -54 




10 15 


+ 1 29-39 


5-78 






— -20 


10 15 


4673 








14 45 
14 58 


47-74 
47-73 


5-85 




+ -12 

-f -lo; 




— -40 


— 18 


10 15 
10 30 

IC5 30 

10 30 

10 30 


52-58 
10-25 

16-12 
22-07 
2812 


5-86 

5-87 

5-95 
6-05 




■+ -lo' 
+ -lo 

.+ *io 
\\- 'lo' 


• 




•18 

— -lo 

•16 


14 45 


29 14 


5-91 








14 57 


29-17 


+ -08. 


- -65 


•68 


JO 15 


33-98 










10 13 


33-98 


5-95 








12 45 


34-58 


[+ *I2l 




— -30 


II 30 


40-23 


5-8i 


[-f -16] 




— -43 


10 30 


45-80 








14 45 


46-90 


5-93 








14 57 


47-90 


-\- '20 


- -67 


— -60 


10 15 

11 45 


51-66 
52-08 


6-08 


[+ *20' 






--« 18 
— -33 


10 15 


57-74 


5-99 


[+ -18] 






— -30 


10 1$ 


-f2 09-71 








14 45 


11-04 


6 -08 


+.•15 




— '60 


14 56 


II 09 










10 15 


15-79 










14 45 


16-90 


5*77 


+ -12 


- .84 


-.38 


14 56 


16-89 








10 IS 


21 56 










14 45 


22-73 


5-75 


-f- '20 




— -35 


14 56 


22-80 








10 15 


44-57 


5-86 


-{- -20 




— -lo 


10 45 


56-42 
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Clock rates and instrumental constants^ Waikiki, Hawaiian Islands — Continued. 

[Negus sidereal chronometer No. 1825. Observer: E. D. Preston.] 













Azimuth. 


Date. 


Epoch 
(sidereal time). 


Correction. 


Daily rate. 


Collhnation 




1 




1 












E. 


w. 


1892. 


A. m. 


m. s. 


Seconds. 


Seconds. 


Seconds. 


Seconds. 


May I 


H 45 


-1-2 57-17 


5-48 


-foi6 


-043 


—0-04 




14 52 


57-19 








2 


10 15 


— 2 5821 


5-66 


[+ -15] 




— -13 


4 


10 15 


46 80 










14 45 


45 70 


5-90 


-f -15 


-f- -06 


-f- '22 




14 50 


45-69 








5 


10 15 


— 2 40-90 












14 45 
14 56 


3990 
39-88 


5-87 


-f -07 


•00 


-f -34 


6 


10 15 


3503 


6-09 
5-78 


-h -07 




-f- -20 


7 
9 


II 15 
10 15 


28-69 
1737 








« 


14 45 
14 50 


16-22 
16-23 


5-98 


-f -08 


V 07 


+ 30 


10 


10 15 


"•39 












14 45 
10 17 


10-44 
11-42 


5-64 


-f 08 




-h -32 


II 


10 15 


0575 


5-76 


-] 08 




-f -07 


13 


12 15 


—I 5374 






-f -25 




14 45 

15 00 


5315 
5312 


5-92 


1 -06 


•00 


1 


14 


10 15 


48-31 








— -22 




14 45 

15 00 


47-17 
47-10 


5-67 


-f -07 


— -20 




IS 


10 15 


42-64 








-16 




H 45 


41-45 


5-84 


4- -16 


— -40 






15 00 


41-43 








18 


10 15 


25-13 








— -07 




H 45 . 


24-10 


5-80 


-f -07 


-.-27 






15 00 


24*10 








21 


II 45 


07-37 








— -20 




14 45 

15 00 


0653 
06-45 


5-97 


+ -15 


— 30 




22 


II 15 


01-51 








- 50 




14 45 


00-58 


580 


-f- -11 


•16 






15 00 


0055 








23 


14 45 


-0 54-87 


5-87 
5-76 


+ -23 


- -51 


— 13 


24 


14 45 


49-00 


-|- -12 


-09 


+ -09 


25 


14 00 


43-46 










17 45 
17 57 


42-50 
4251 


5-74 


-j- "11 


— -12 


— -13 


27 


14 45 


31-80 


5-76 


-f- -08 


-h -13 


-|- -20 


28 


14 CX) 


26-23 










17 45 


25-41 


5-80 


-f -lo 


-16 


+ -lo 




17 58 


25-38 








29 


14 45 

« 


20-26 


5-69 


+ -04 


— -22 




June 3 


14 00 


-|-o 07 -97 


5-67 

5-75 

5-85 
5-76 


[+ -lo] 




— -06 


4 
5 


14 00 
14 00 


13-64 
19-39 


+ -10 




•00 
-00 


6 

7 


14 00 
14 00 


25-24 
31-00 






+ -07 




17 45 

18 02 


31-99 
31-98 


5-89 


+ -18 


Zl 




II 


14 00 


54-57 








-- -II 




17 45 


55-45 




-J- -11 


— -31 






18 02 


55-44 
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The foUowiug table contains the Pendulum Eesults for 199 nights at 
Waikiki between June 9, 1891, and June 11, 1892: 

Pendaluntr observations, IVaikiki^ Honolulu. 
[Observer: E.D.Preston.] 



6 

a 

c 

Oh 



B, 



B, 
Bi 
B3 



o 



o 




I) 


1891. ■ 
June 9 
10 
10 
II 
II 
12 

13 

IS 
16 

17 
18 

19 

22 


• I 


D 


24 
. 25 

25 




D 
R 


26 
26 




D 
R 

D 


27 
27 

28 
28 

30 





41 
40 

57 
3*9 
57 
4*2 
4-6 

4*3 
47 
4*9 
4*9 
5*6 
5*4 
5*2 
4.2 
63 

4-8 
7'o 

4-8 
7*1 

4*7 
7*0 
4-8 



00 



n' O 43 



24 

20 
20 
20 
20 

32 

44 

32 

20 

30 
30 
50 

40 
40 

20 
20 

30 
30 

30 
40 

30 
30 
30 



Time in 
seconds. 



s. 
6296*0 
5256*0 
5280*0 
5282 O 

5303*5 
8440*0 

I 1588*0 

8416*5 

5244*5 

7895-5 
7901 'O 

I 3 248 o 

10564*0 

10543-0 

5257*5 
5274*5 

7399-0 
7455*0 

6832*5 
9140*5 

7883*0 
7923*0 
7896*0 



Time of 
ten coin- 
cidence 
intervals. 



s. 
2623 3 
2628*0 
2640*0 
2641 o 

2651*8 
2637*5 

2633*6 
2630*2 
2622*2 
2631 -8 

26337 
2649-6 

2641 -o 

2635 -8 

2628-8 

2637*2 

2466*3 
2485*0 

2277*5 
2285*1 

2627-7 
2641 -o 
2632-0 



Semi-arc. 



Initial. Final. 



mm. 


mm. 


50 


2*5 


5*2 


2*5 


5*2 


2*5 


5*2 


3*0 


5*2 


27 


5*2 


[2*1] 


5-2 


1-2 


51 


2-0 


5-2 


2-5 


[5*1] 


2-0 


5-2 


2-2 


5-2 


1-2 


5-2 


1-2 


5-2 


1*2 


5-2 


2-5 


5*2 


2*6 


5*2 


2.5 


5*2 


2-3 


5*2 


27 


50 


2*0 


51 


2*5 


5*1 


2*4 


[51] 


2*4 



Tem- 


Manom- 


per- 


eter. 


ature. 




°C. 


mm. 


2633 


206 


25*98 


206 'O 


24*92 


200*0 


25*43 


212*5 


24*62 


205*0 


25*47 


21 1 -0 


2S*42 


208 


2573 


217-0 


26.33 


2140 


2613 


219-0 


26-18 


2180 


25-68 


2150 


25-83 


2150 


25-68 


2130 


25*73 


2170 


24-82 


2i8*o 


26-28 


214-0 


25*12 


217-0 


26*43 


2i8-o 


25*32 


214-0 


26*48 


212.0 


25*42 


219-0 


26-03 


214-0 



Barom- 
eter. 



Pres- 
sure at 
o«»C. 



mm. 

767-2 

767*4 

767*4 
768-0 

767-6 

767-4 

766-4 

766-8 

767-6 

767-5 

766-4 

765*5 
7671 

767-1 

766-5 

766-9 

765*4 
765-6 

765-2 
765*6 

7666 
766*6 
765-0 



mfn. 
510 

5" 

519 
507 

515 
508 

510 

501 

503 

499 

499 
502 

503 

50s 
501 

502 

501 
501 

497 
503 

504 

499 
502 
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Reduction of pendulum ohse^'vations, Waikiki, Honolulu. 
[Pi^riods reduced to temperatare, 15° C. ; pressure, dOO™" at 0° C. ; arc infinitely small; sidereal time.] 



Posi- 
tion. 




Corrections (in seventh decimal 


place). 




Period uncorrected. 










Period corrected. 




Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 


- 




Seconds. 








Seconds. 


D 


0*500 9548 


-48 


—470 


8 


+414 


0-500 9436 




531 


-50 


-456 


- 9 


-j-426 


'442 




488 


-50 


—412 


—15 


+429 


440 




484 


-58 


—433 . 


6 


+429 


416 




445 


-53 


—399 


— 12 


+427 


408 




497 


-44 


-435 


6 


+427 


439 




511 


-31 


-432 


8 


+380 


420 




523 


—42 


—445 


— I 


+375 


410 




552 


-50 


-470 


2 


+373 


403 




517 


-42 


— 462 • 


4- I 


+380 


394 




5" 


-46 


—464 


'+ I 


+395 


397 




453 


—31 


—443 


— 2 


+393 


370 . 




484 


-31 


—449 


— 2 


+385 


387 




503 


31 


—443 


4 


+372 


397 




528 


-50 


-445 


— I 


+357 


389 


D 


498 


—52 


408 


— 2 


+370 
June 17 


406 


410 . 


D 


0-501 0157 


50 


468 


— 1 


+382 


0-501 0020 


R 


081 


47 


— 420 


— I 


+397 
June 26 


010 


015 


D 


0-501 lOOI 


-53 


—474 


+ 2 


+390 


o-i;oi 0866 


R 


0964 


~4i 


-428 


— 2 


+383 
June 27 


876 


871 


D 


0*500 9532 


—49 


—476 


— 3 


+376 


0-500 9380 




484 


-48 


—432 


+ I 


+369 


374 




517 


-48 


-458 


— 2 


+377 


386 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum obsoTaiiona, Waikikiy Honolulu, 
[Observer: 16. D. Preston.] 



• 

-a 

c 


• 

1 

S 


Date. 


• 

x: 


a 


lo. of co- 
ncidence 
ntervals. 


Time in 
seconds. 


Time of 
ten coin- 
cidence 
interval^. 


Semi-arc. 


Tem- 
per- 
ature. 


Manom- 
eter. 


Barom- 
eter. 


Pres- 


Initial. 


Final. 


sure at 

1 


04 


Pk 




Esl 


«-- 








mm. 






1 i 


189I. 


A. 




s. 


s. 


mm. 


°C. 


mm. 


mm. 


mf^i. '. 


Ba 


D 


July 4 


182 


34 


9014*0 


2651-2 


51 


1-9 


24-72 


217-0 


767-0 


503 






7 


17-8 


30 


7931-0 


2643-7 


51 


2-2 


25-12 


214-0 


767-0 


505 






8 


17-6 


34 


8945 


2630-9 


51 


2-1 


2543 


183-0 


768-8 


534 






17 


172 


18 


4768-0 


2648-9 


51 


30 


25-33 


219-0 


767-2 


500 






18 


177 


32 


8442-0 


2638-1 


4-5 


[1-7] 


25-33 


220'0 


766-7 


499 






22 


17-6 


32 


84630 


2644-7 


50 


2-0 


26 03 


219-0 


766-6 


499 






23 


174 


30 


7925-0 


2641-7 


5-0 


2-2 


26-03 


222-0 


766-6 


496 






24 


17-6 


30 


79505 


2650-2 


50 


2-0 


2573 


222-0 


766*4 


496 






25 


176 


32 


8475 


2648-4 


5-0 


2-0 


26-44 


220-0 


766-7 


497 






26 


17-6 


34 


9023 -0 


2653-8 


50 


1-8 


26-13 


222-0 


767-0 


496 






27 


17-8 


38 


10105-5 


2659-3 


50 


1-8 


2573 


222-0 


767-2 


497 






29 


17-6 


30 


79320 


2644-0 


5-0 


2- 1 


2628 


222 -O 


766*2 


494 






30 


«9-3 


30 


7913-0 


2637-7 


50 


2-1 


26-44 


216-0 


767-9 


501 




D 


31 


i8-4 


34 


8986-5 


2643-1 


4 3 


1-7 


26-08 


218-0 


766-4 


500 


£.j 


D 


Aug. 2 


16-9 


34 


8383-0 


2465-6 


5-2 


2-2 


25-98 


218-0 


764-7 


498 




R 


2 


19-2 


30 


7453 -o 


2484-3 


51 


2-2 


24-72 


221-0 


765-1 


497 


Bi 


D 


3 


16-4 


44 


9996-0 


2271-8 


5-1 


2-0 


26-94 


218-0 


765-8 


497 




R 


3 


19-2 


36 


8197-0 


2277-0 


5-1 


2-3 


25-93 


216-0 


766-4 


502 


B3 


D 


4 


17-4 


30 


7887-5 


2629-2 


50 


2-0 


27-80 


226-0 


766-6 


490 






5 


17-5 


30 


7888-5, 


2629-5 


5-0 


2-1 


27-45 


222-0 


768-0 


495 






6 


175 


30 


7919-5 


2639-8 


50 


2-2 


26-59 


224-0 


767-5 


494 






7 


175 


30 


7937 -o 


2645-7 


5-0 


2-2 


26-33 


221-0 


766-8 


496 






10 


177 


32 


8469-5 


2646-7 


50 


2-0 


26-33 


218-0 


766 9 


499 
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lieduclion of pendulum obeettJaUona, Waikiki, Honolulu. 
LPerio<l8 reduced to temperature, 15° C. ; iiressure, SOO""™ at 0° C. ; arc infinitely stuall; sidereal time.] 



Posi- 




Corrections (in seventh decimal place). 


■ 


Period uncorrected. 










Period corrected. 


tion. 




Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 




<— 






Seconds. 


D 


0500 9448 


—40 


403 


— 2 


4-385 


0500 9388 




474 


-45 


— 420 


— 4 


4-377 


382 




520 


43 


433 


-27 


4-389 


406 




456 


—57 


429 





4-412 


382 




495 


32 


—429 


-f I 


4-416 


451 




471 


—41 


-458 


-f I 


4-400 


373 




482 


44 


-458 


-f 3 


4-387 


370 




451 


—41 


445 


+ 3 


4-396 


364 




457 ' 


—41 


-475 


-f 2 


4-425 


368 




438 


-38 


—462 


-h 3 


-f435 


376 




418 


-38 


-445 


-r 2 


4-419 


356 




473 


—42 


468 


-r 5 


+401 


369 




496 


—42 


-475 


- I 


4-390 


368 


D 


477 


-30 


- 460 





4-386 
July 17 


373 


380 


D 


0-501 0160 


-46 


—456 


+ 2 


+377 


0-501 0037 


R 


0083 


-45 


—403 


+ 2 


4-362 
Aug. 2 


09999 


I 0018 


D 


0-501 1029 


—42 


—496 


+ 2 


-1-362 


0-501 0855 


R 


1004 


-46 


—454 


— 2 


+381 
Aug. 3 


0883 


I 0869 


D 


0-500 9526 


—41 


—531 


+ 8 


+391 


0-5009353 ' 




525 


—42 


-517 


+ 4 


+403 


373 




488 


—44 


—481 


+ 5 


4-408 


376 




467 


—44 


470 


+ 3 


+415 


371 




464 


—41 


—470 


4- I 


4-418 


372 



538 



U. 8. COAST AND GEODETIC SURVEY. 



Pendulum obserraiionSf Waikiki, Honolulu. 
[Observer: E. D. Preston.] 



a 

a 



B. 



B, 



B, 



o 



I/] 

o 



D 



Date. 



I) 



D 
R 



B| D 
R 



D 



1 891. 
Aug. II 
12 

13 

H 

IS 
16 

20 

22 

23 

25 
26 

29 
31 

Sept. 2 



6 
6 

9 
12 

IS 
18 

19 
23 



Epoch. 


No. of co- 
incidence 
intervals. 


A. 




17s 


30 


17s 


30 


173 
17-8 


30 
36 


175 


30 


175 


30 


203 


40 


19-6 


20 


203 


40 


19-6 


22 


199 
20-4 


30 
38 


196 


20 


19-5 


32 


223 


32 


19-6 


32 


22-2 


32 


19-6 


20 


20-4 


40 


20 '4 


40 


196 


20 


20 4 


40 


21-9 


42 



Time in 
seconds. 



7936-0 
79160 
79140 

95235 
79250 

7933-5 
10562-5 

5270-0 

105485 

5786-5 

7907 -o 

10031-0 

5287-0 

78945 

7962 -o 
7273-0 

72895 

5240-5 
10536-0 

10540-0 

5253-0 

10562-0 
III20-5 



Time of 
ten coin- 
cidence 
intervals. 



J. 
2645 -3 
2638-7 
2638-0 
2645 -4 
2641 -7 

26445 
2640-6 

2635-0 

2637-1 

2630-2 

2635-7 

2639-7 

26435 
2467 -o 

2488-1 

2272-8 
2278-0 

2620-2 
2634-0 
2635 o 
2626-5 
2640-5 
2647 -7 



Semi-arc. 



Initial. Final 



mm. 

5-0 
SO 
5-0 
5-0 
50 
50 
5-0 
5-0 
50 
5-0 
5-0 

[4-8] 
50 

5-2 
5-2 

s-i 

S'l 

SO 
50 
5-0 
5-0 
5-0 
5-0 



mm. 
2-0 
2-2 
2-1 

[1-9] 

2-1 
21 

17 

3'0 

[1-7] 
30 

2-3 

[17] 
30 

2*2 

2-2 



Tem- 
per- 
ature. 



26-59 
27-14 
27 04 
26-44 
26-59 
26-33 

25 53 
25-88 

26-03 

26-44 
26-33 
26-03 

25-83 

26-89 
2547 



[2-8]' 26-64 
2-8 2568 



30 

[17] 
3-0 

[17] 

1-5 



27-19 
2674 
26-89 
27-09 
26-44 

2593 



Manom- 


Barom- 


eter. 


eter. 


mm. 


mm. 


219-0 


766-6 


216-0 


767 


215-0 


767 -8 


2170 


767-6 


219-0 


766 5 


219*0* 


766-4 


217-0 


765 I 


226-0 


767-0 


218-0 


766 


222 -O 


766-1 


220-0 


7666 


2180 


765-9 


224-0 


765-8 


215-0 


765-8 


223-0 


766 


219-0 


766-5 


214-0 


766-5 


220-0 


766-7 


215-0 


765 -6 


2180 


766-4 


219-0 


766-5 


216-0 


765-0 


216-0 


765-6 



Pres- 
sure at 



ntfn. 

497 
500 

501 

501 

497 

497 
500 

493 
499 
494 
496 

499 
494 

500 
495 

497 
S03 

496 
501 

498 
496 

499 
501 
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lieduciion of pendulum observation 8, Waikiki, Honolulu, 
[Periods reduced to temi>erature, 15° C; pressure, 500"'" at 0° C. ; arc infinitely small; sidereal time.] 



Posi- 


Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 








tion. 




Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 










Seconds. 


D 


0*500 9468 


41 


—481 


+2 


+420 


0*500 9368 




492 


44 


—504 





+426 


370 




495 


—42 


—500 


— I 


+419 


371 




468 


39 475 


— I 


4-409 


362 




481 


—42 


481 


+ 2 


+405 


365 




471 


—42 


470 


+ 2 


+399 


360 




485 


-36 


—437 





+375 


387 




. 506 


-56 


-452 


4-6 


+358 


362 




498 


-36 


-458 


+ 1 


+356 


361 




523 


-56 


-475 


+5 


+357 


354 




503 


45 


—470 


+3 


+359 


350 




489 


34 


-458 


+ 1 


+350 


348 


D 


475 


-56 


-449 


+5 


+379 
Aug. 18 


354 


364 


D 


0-501 0154 


-46 


—493 





+377 


0*500 9992 


R 


0068 


-46 


435 


+4 


+375 
Sept. 2 


966 


979 


D 


0*501 1024 


—54 


-483 


+2 


+366 


0*501 0855 


R 


0999 


—54 


443 


—2 


+357 
Sept. 6 


857 


856 , 


D 


0*500 9560 


-56 


--506 


+3 


+358 


0-500 9359 




509 


-36 


-487 


—I 


+362 


347 




506 


-36 


—493 


+2 


+370 


349 




536 


-56 


—502 


+3 


+375 


356 




486 


-36 


-475 


+ 1 


+370 


346 




460 


—33 


—454 


—I 


+377 


349 



540 



U. S. COAST AND GEODETIC SURVEY. 



Pendulum observations, Waikikiy Honolulu, 
[Observer: E. D. Preston.] 



i 

•a 

a 


■ 

e 


•♦3 

•3 




Date. 


* 

U 


a 
/6. 


No. of co- 
incidence 
intervals. 


Time in 
seconds. 


Time of 
ten coin- 
cidence 
intervals. 


Semi-arc. 


Tem- 
per- 
ature. 


Manom- 
eter. 


Barom- 
eter. 


Presr 

sure at 

o«C. 


Initial. 
mm. 


Final. 
mm. 


1891. 


s. 


s. 


°C 


mm. 


mm. 


mm. 


B3 


D 


Sept. 26 


20 4 


40 


10598-0 


26495 


5-0 


[1-7] 


25-98 


222 'O 


766*0 


495 






'^7 


211 


40 


io6i2-o 


2653-0 


5-0 


.'•7. 


2543 


219-0 


764-5 


497 






28 


20-4 


40 


10598 


2649-5 


50 


['•7J 


25-98 


222-0 


764-9 


494 


B2 


D 


Oct. 4 


23-0 


30 


74440 


2481-3 


5-2 


2-5 


24-97 


224-0 


765-3 


495 




R 


4 


1-5 


34 


8487 


2496-2 


5-2 


2-4 


24-14 


226-0 


764-6 


493 


Bf 


D 


5 


22-8 


30 


6871-0 


2290-3 


5-2 


2-8 


24-97 


221-0 


764-5 


496 




R 


5 


II 


36 


8265 


2295 -8 


5-2 


2*3 


24-09 


223-0 


764*0 


496 


B3 


D 


8 


22-6 


20 


5301 


26505 


5-0 


[3-0] 


24-92 


222 "O 


765-6 


496 


- 




10 


22-6 


20 


5265 


2632 5 


5-0 


3-0 


26-84 


226-0 


766-6 


491 






14 


22-6 


20 


53030 


2651-5 


5-0 


30 


2512 


229*0 


767-2 


491 






16 


22-6 


20 


5320-0 


2660-0 


5-0 


30 


25-17 


227-0 


765-9 


492 






22 


23 -2 


38 


10149-0 


2670-8 


50 


■i-8" 


24-53 


222 -o 


7654 


497 






28 


233 


40 


I 067 10 


2667-8 


50 


.'•7. 


24-63 


224*0 


766-8 


496 






30 


233 


40 


10690-0 


2672 5 


5-0 


[17] 


24-04 


225-0 


766 5 


496 


B2 


D 


31 


22'9 


32 


7925-0 


2476-6 


5-2 


2-3 


25-63 


225-0 


767-4 


494 




R 


3^ 


1-2 


28 


6979-0 


2492-5 


5-2 


[2-4] 


24-48 


224-0 


767 '3 


497 ! 


Bi 


D 


Nov. I 


22-6 


34 


7785-5 


2289-8 


5-2 


2-8 


25 -37 


238-0 


766 4 


482 




R 


I 


08 


32 


7343-5 


2294-8 


5-2 


2-5 


24-24 


225-0 


766*5 


495 
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Reduction of pendulum obaervatUmSf Waikikt, Honolulu. 
[Periods reduced to temperature, 15° C; pressure, 500"»» at 0° C; arc iuQuitely small; sidereal time.] 





Period uncorrected. 


Corrections (in seventh decimal place). 


Period-corrected. 


i OSl- 

tion. 


Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 




Seconds. 










Seconds. 


D 


0500 9454 

441 . 
454 


-36 
-36 
-36 


-456 

433 ' 
—456 


+ 4 

+ 5 


+380 
+3S0 
+378 

Sept. 1 9 


0*500 9346 
354 
345 




350 


D 
R 


0-501 0095 
035 


-50 
— 49 


—414 
—379 


+ 4 

+ 6 


+373 

+373 

Oct. I 


0-501 0008" 
9986 




09997 


D 
R 


0-501 0940 
913 


-55 
—47 


—414 
-377 


+ 3 
+ 3 


+376 
+380 

Oct. 5 


0-501 0850 
872 




861 


D 


0-500 9450 

515 
446 

416 

378 

389 
372 


-56 
-56 
-56 
-56 

-38 
-36 
-36 


—412 

-49 1 
— 420 

— 422 

395 
—400 

-375 


+ 3 
+ 7 
+ 7 
+ 6 
+ 2 
+ 3 
+ 3 


+376 

+377 
+379 
+380 

+381 
+384 
+384 

Oct. 19 


^•500 9361 
352 
356 

324 
328 
340 
348 


344 


D 
R 


0-501 0115 
050 


—47 
49 


—441 
393 


+ 5 
+ 2 


+375 
+370 , 

Oct. 31 


0-501 0007 
9980 


09994 


D 
R 


0*501 094 1 
918 


-55 
—50 


—430 
-383 


+ 14 
+ 4 


-f367 
+367 

Nov. I 


0-501 0837 
856 


846 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum observations, Waikikif Honolulu. 
[Observer: E. D. Preston.] 



• 

a 


• 






^§1 


- 


3 





▼X A. 


• 

j3 


•«J" 


Time in 


a 




Date. 


' § 


02 fe 


seconds. 


V 





• 


o« 


c c 




ru 


PU 




M 


^.S^ 




1891. 


A. 




s. 


B3 


1) 


Nov. 4 


227 


20 


5309-5 






6 


23-6 


38 


I 0068 






7 


22*6 


20 


52740 






8 


03 


30 


7988s 






10 


227 


20 


53230 






12 


227 


20 


53085 






13 


227 


20 


S292-0 






14 


227 


20 


S 269*0 






15 


22*3 


10 


2648 s 






17 


O'l 


40 


10724-0 






19 


3*1 


32 


860s -o 






21 


2*0 


20 


5326-5 






23 


2-0 


20 


53200 






30 


1*9 


20 


53300 


B. 


D 


Dec. I 


2*1 


32 


79560 




R 


I 


49 


30 


7498-0 


B, 


D 


5 


1-9 


22 


5043-5 




R 


5 


3'9 


32 


7343*0 


B3 


D 


6 


2-C 


20 


53120 






7 


19 


20 


5275-5 






9 


1-9 


20 


5340-0 






10 


19 


20 


5337-0 






II 


1-8 


10 


2703-0 



Time of 
ten coin- 
cidence 
mtervals. 



s. 
26S4'8 

2649-5 
2637*0 

2662*8 

2661 'S 

26S4'2 

2646*0 

2634-5 
2648s 

2681*0 
2689*0 
2663*2 
2660*0 
266s "O 

2486-2 

24993 

2292 'S 
2294-7 

26S60 
2637-8 
2670*0 

2668 s 
2703*0 



Semi 


-arc. 


Initial. 


Final. 


mm. 


mm. 


50 


27 


[4-8] 


[1-8] 


5-0 


30 


50 


2*1 


5-0 


3*o 


5-0 


30 


5-0 


3-0 


5-0 


3-0 


50 


39 


5-0 


.'•9. 


3"9 


1*1 


50 


30 


50 


3-0 


5-0 


3-0 


5-2 


2*4 


[5-1] 


2-5 


5-2 


[3-2] 


5-2 


2-7 


50 


3-0 


5-0 


3-0 


5-0 


30 


5-0 


3-0 


5-0 


[3-9] 



Tem- 
per- 
ature. 



<> C. 
24-87 

2573 
26*23 

24*33 

23*99 

24-43 
25-68 

26-68 

25-17 
24-43 
230s 

24-43 
24-72 
24*18 

24-53 
23-44 

25-02 
24*48 

24*77 
24*67 

23-49 

23-84 
20*63 





% 


Manom- 


Barom- 


eter. 


eter. 


mm. 


mm. 


229-0 


766 


223-0 


766 I 


224*0 


7660 


222 'O 


763-2 


229*0 


761-2 


226-0 


764*4 


2260 


765-2 


229-0 


766-4 


227-0 


765-6 


220-0 


765*0 


2300 


766 -2 


231-0 


767-0 


230-0 


767-0 


2260 


767*6 


224*0 


765*6 


226*0 


765-4 


22s -0 


767*4 


224-0 


767*2 


228-0 


7680 


120-0 


768-8 


227 


766-9 


2280 


764-2 


236*0 


764-4 



Pres- 
sure at 
o« C. 



mm. 
490 

495 
492 

496 

487 

492 

491 

488 

491 

499 

493 
490 

491 

496 

496 
495 

495 
497 

494 
592 
496 
491 

489 
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Reduction of pendulum obaei'vationSj Waikiki^ Honolulu. 
[Periods reduced to temperature, 15° C. ; pressure, SOO""" at 0° C; arc infinitely small; sidereal time.] 



Posi- 


Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 










tion. 

• 




Arc. 


Tempera- 
ture. 


Pressure. • 


Rate. 




Seconds. 










Seconds. 


D 


05009435 ' 


-51 


—410 


+ 8 


+367 


0500 9349 




454 


-36 


—445 


+ 4 


+371 


348 




498 


-56 


—446 


+ 6 


+363 


365 




406 


—42 


-387 


-^ 3 


+358 


• 338 




411 


-56 


—zn 


-|-IO 


+358 


350 




437 


-S6 


—391 


+ 6 


+368 


364 




466 


-56 


—443 


+ 7 


+370 


344 




508 


-56 


-485 


+ 9 


+377 


353 




457 


-70 


— 422 


+ 7 


+384 


356 




342 


39 


391 


-|- I 


+389 


302 




314 


— 20 


—334 


+ 6 


+378 


344 




405 


-56 


391 


+ 8 


+383 


349 




416 


-56 


403 


+ 7 


+379 


343 




398 


-56 


-381 


+ 3 


+372 
Nov. 17 


336 


346 


D 


0-501 0075 


-49 


—395 


+ 3 


+371 


0-501 0005 


R 


023 


—49 

* 


—350 


+ 4 


+370 
Dec. I 


9998 


I 0002 


D 


0-501 0929 


61 


— 416 


+ 4 


+373 


0-501 0829 


R 


918 


—53 


—393 


+ 2 


+373 
Dec. 5 


•. 847 


838 


D 


0-500 9430 


-56 


—405 


+ 5 


+378 


0500 9352 




495 


-56 


— 401 


-73 


+380 


345 




381 


-56 


352 


+ 3 


+376 


352 




386 


-56 


—367 


+ 7 


+368 


338 




266 


—70 


—234 


+ 9 


+375 


346 



544 



U. S. COAST AND GEODETIC SURVEY. 



Pendulum observations, IVaikikij Honolulu. 
[Observer: E. D. Preston.] 



a 



B:, 



c 
o 



v> 

o 

« , 



Date. 



1) 



Bi 


D 


B, 


D 

• 


B3 


D 




R 


B, 


D 




R 



I89I. 
Dec. 12 

15 

17 

19 
21 

22 

' 23 

24 

25 
26 

27 

28 

29 

30 

1892. 
Jan. I 



5 
5 

6 
6 



u 
o 

a 



A. 
1-9 

27 
19 

2-0 

27 

1-4 
19 

1-9 

19 

19 

1-9 

1-9 

1-9 

1-9 



i8i 

y G rt 

OS fe 

O c B 



Time in 
seconds. 



20 
40 
20 
22 
42 
10 
20 
20 
20 
20 
20 
20 
20 
20 



1-6 ' 12 



1-9 


22 


1-9 


18 


5-2 


24 


5-4 


22 


7-3 


34 



s. 

54280 
107530 

5330-5 
5858-0 

11193-0 
2644-0 
5316-0 

53270 
53390 

5347-0 
53300 
53260 
53150 
53160 



2749 o 

5528-0 

4822-0 
6461 o 

5I2IO 
7946-0 



Time of 
ten coin- 
cidence 
intervals. 



s. 
2714-0 
26882 
2665 -2 
2662-7 

2665 O 

2644-0 
2658-0 
2663 5 
2669-5 

2673 5 
2665 -o 
2663 -o 

2657-5 

2658-0 



2290-8 

2512-7 

2678-9 
2692-1 



23277 
2337-1 



Semi-arc. 



Initial. Final. 



fnm. 


mm. 


5-0 


JO] 


S-o 


[1-8] 


S-o 


3*o 


50 


[2-8] 


5-0 


1-8 


S-o 


3*9 


5-0 


3-0 


5-0 


30 


5-0 
5-0 


[3-0] 


S-o 


3*o 


5-0 


3*o 


5-0 


3-0 


50 


[3-0] 


5-2 


4-0 


5-1 


3-1 


50 


3-1 


5-0 


2-4 


5-2 


3-2 


5-2 


2-2 



Tem- 
per- 
ature. 



20-00 

22-55 

23-^4 
24-09 

24-53 
25-12 

24-72 

24-33 
23-99 
23-50 
24-24 

24-43 
23-99 

23-94 



23-70 
21-57 

21-77 
20-05 

19-70 
18-42 



Manom- 


Barom- 


eter. 


eter. 


mm. 


mm. 


233-0 


763 -6 


228-0 


769-0 


229-0 


766-8 


227-0 


768-5 


222-0 


765-8 


226-5 


766-8 


231*0 


7698 


231*0 


770*8 


231-0 


77I-I 


231*0 


770-4 


231-0 


768-8 


228-0 


768-7 


230-5 


768-3 


231-0 


768-3 


232-0 


767-3 


234-5 


767-8 


232-0 


7647 


172-0 


764*8 


226-0 


762-4 


204-0 


761-8 



Pres- 
sure at 



mm. 

494 

498 

494 
496 

497 

493 
492 

494 

495 

495 
492 

494 

493 
492 



490 

493 

493 
550 

499 
520 
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Reduction of pendulum ohservaiions, Waikikl, Honolulu. 
[ l*oriodH reduced to temperature, 15° C. ; pressiiro, 500""» at 0° C. ; arc iniinitoly Huiall; sidereal time.] 



T> J 


• 


Corrections (in seventli decimal 


place). 




Fosi- 


Period uncorrected. 










Period corrected. 


tion. 




Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 










Seconds. 


D 


0-500 9228 


-56 


208 


+ 5 


+368 


O'Soo 9337 




317 


-38 


—313 


+ 2 


+368 


336 




398 


-56 


—367 


+ 5 


-Vz^z 


343 




407 


-52 


-377 


+ 3 


+344 


325 




398 


-38 


—395 


+ 2 


+348 


315 




473 


-70 


— 420 


+ 6 


+363 


352 




423 


-56 


—403 


+ 6 


+387 


357 




404 


-S6 


-387 


-1- 5 


+382 


348 




383 


-S6 


-373 


+ 4 


+373 


ZZ^ 




369 


-56 


-353 


+ 4 


+384 


348 




398 


-56 


-383 


+ 6 


+376 


341 




406 


-56 


—391 


+ 5 


+372 


336 




425 


-56 


373 


+ 6 


+341 


343 




423 


-56 


-371 


+ 6 


+338 
Dec. 18 


340 


341 


D 


0501 0937 


-75 


-361 


+ 8 


-\-zzi 


0-501 0842 


D 


0*500 9969 


-58 


—273 


+ 6 


+349 


0500 9993 


D 


0500 9350 


-57 


281 


+ 6 


'+324 


0500 9342 


R 


304 


-46 


—210 


—39 


+324 
Jan. 5 


333 


338 


D 


0-501 0763 


61 


-195 


+ ^ 


+320 


0-501 0828 


R 


720 


-46 


— 142 


16 


4-320 
Jan. 6 


836 


832 



S. Ex, 19, pt. 2- 



-35 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum observation 8 j Waikikiy Honolulu, 
[Observer: E. D. Preston.] 



E 

3 

3 
T3 


■ 
GS 


"tf) 


Date. 


• 

si 
u 



6«« 


Time in 
seconds. 


Time of 
ten coin- 
cidence 


Semi-arc. 


Tem- 
per- 


Manom- 
eter. 


Barom- 
eter. 


Pres- 
sure at 




»4 







a 


£ca 




intervals. 


Initial. Final. 


ature. 






0" c 


Cm 


PU 




\A 


^.«.-, 


















1892. 


h. 




s. 


s. 


mm. 


mm. 


°C. 


mm. 


mm. 


mm. 


Bo 


D 


Jan. 10 


5-4 


8 


19810 


2476-2 


[5-0] 


[4-2] 


20-54 


55 -o 


763-4 


658 


B3 


D 


II 


6-5 


36 


9722*0 


2700-6 


5-0 


1-9 


20-45 


222 -o 


764-4 


503 






12 


6-3 


30 


8145-0 


2715-0 


4-5 


2-0 


19-90 


246-0 


762-8 


481 


Bi 


D 


16 


5-2 


18 


4156-0 


2308-9 


50 


3*2 


22-51 


229-0 


762-6 


491 


B2 


D 


18 


6-4 


20 


5034-0 


2517-0 


4-8 


2-9 


21-23 


230-0 


762-6 


493 




R 


18 


8-3 


26 


6574-0 


2528-5 


4-5 


2-2 


21-03 


228-5 


762-4 


495 


Ba 


D 


19 


5-4 


8 


2678-8 


2678-8 


4-2 


VZ 


22-85 


253-0 


763.0 


470 






20 


6-2 


30 


8056-0 


2685-3 


4-2 


2-0 


22-65 


227 


765-0 


496 






21 


6-4 


36 


9612-0 


2670-0 


4-8 


1-8 


23-15 


227-0 


766-4 


496 






23 


6-4 


36 


9621-0 


2672-5 


[4-8] 


[1-8] 


22-95 


226-0 


766-2 


497 






24 


61 


28 


7531-0 


2689-6 


4-2 


2-0 


22-02 


227-0 


768-8 


500 






.25 


6-2 


30 


8085-0 


2695 -0 


4-2 


[2-0] 


21-92 


227-0 


769-8 


501 






27 


6-2 


30 


8080-0 


2693-3 


4-3 


2-0 


22-46 


227-0 


766-7 


498 






Feb. 2 


61 


40 


10720-0 


2680-0 


4-3 


1-2 


22-70 


222-0 


766-8 


501 


Bi 


D 


3 


5-3 


24 


5527-0 


2302-9 


4-8 


2-8 


23-25 


230-0 


768-0 


495 




R 


3 


7-0 


24 


5525-0 


2302-3 


4-8 


2-8 


22-85 


229-0 


768-0 


496 


B. 


D 


4 


5-3 


22 


5480-0 


2490-9 


4-4 


2-8 


23-85 


226-0 


767-0 


497 




R 


4 


71 


28 


7020-5 


2507-3 


4*4 


2-1 


23-10 


222-0 


767-2 


501 
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Bednciion of pendnluvi observationSy Waikikij Honolulu. 
[ Periods reduced to teinperatore, 15° C. ; pressure, SOO""" at 0^ C. ; arc iufinitel}'^ Binall ; sidereal time.] 



Posi- 
tion. 


Period uncorrected. 


Corrections (in seventh decimal 


place). 
Rate. 


Period corrected. 


Arc. 


Tempera- ' 

tu're. 

1 


Pressure. 




Seconds. 










Seconds. 


I) 


0-501 01 17 


-75 


—230 


— 125 


+322 


0-501 0009 


D 


0-500 9274 
225 


—39 

—35 


— 226 
—203 


+ 15 


-f-331 
+ 318 

Jan. 12 


0*500 9338 
320 


329 


D 


0-501 0851 


-59 


—312 


+ 7 


+328 


0-501 0815 


D 
R 


0-500 9952 
907 


-52 
-38 


258 
— 250 


- 6 

-- 4 


+336 
+336 

Jan. 18 


0-500 9984 
959 


972 


D 


0500 9350 
327 
381 
372 
312 

294 
299 
346 


-50 

33 
-36 
-36 
—33 

33 
—34 

34 


—326 

-317 
-338 

—330 
— 291 

—287 

—310 

—320 


-1- 24 

4- 3 

+ 3 

+ 2 



— I 
+ 2 

— I 


+ 351 
+ 326 

+305 
+313 
+338 

+373 
+340 
+340 

Jan. 25 


0500 9349 
306 

315 
321 

326 

346 
297 

33^ 


324 


D 
R 


0-501 0879 
882 


-50 
-50 


—342 
—326 


+ 4 
+ 3 


+319 
+319 

Feb. 3 


0-501 0810 
828 


819 


D 
R 


0-501 0057 
9991 


-45 
-36 


—367 
-336 


+ 2 
— I 


+ 344 
+344 

Feb. 4 


0-500 9991 
962 


976 
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U. 8. COAST AND GEODETIC SURVEY. 



Pendulum ohscrratioMSj Waikikiy Honolulu, 
[Observer: E. D. Preston.] 



a 


• 



•iH 

cn 



Date. 


• 

X! 


B3 


D 


1892. 
Feb. 6 
8 


h. 

6-6 

6-8 






II 
12 

13 

14 


5-5 
61 

61 

6-5 


B, 


D 


19 
20 


8-7 
7-0 


• 




20 


9-2 


B, 


D 


21 


6-6 




R 


21 


93 


B3 


D 


22 

23 
26 


6-4 
67 
8-6 






27 
28 

29 


97 
9 4 
9-4 


B, 


D 
R 


Mar. I 
I 


7-6 
8-8 



©•a C 
►Sec 



40 
32 

12 

28 
28 

38 

16 

32 
32 

46 
26 

36 

44 
10 

40 

30 

30 

18 
16 



Time in 
seconds. 


Time of 
ten coin- 
cidence 
intervals. 


Semi-arc. 


Tem- 
per- 
ature. 


Manom- 
eter. 


Barom- 
eter. 


Pres- 
sure at 
qOC. 


Initial. 


Final. 


J. 


s. 


mm. 


mm. 


C. 


mm. 


mm. 


mm. 


107140 
8587-0 
3198-0 

7504-5 
7521-0 

loiio-o 


2678-5 

26834 
2665 -o 
2680-2 
2686-1 

2660-5 


4*4 
[4-0] 
4*4 
4-4 
4-4 
4-4 


1-4 
1-5 
31 

2-0 
2-0 
1-6 


'23-40 

2315 
23-00 

22-42 

21-59 

23-54 


22*1 'O 
229-0 

233-0 
229-0 
23 10 
220 -o 


7666 
7678 
766-2 

765*4 
763 -6 

761-3 


495 
496 

490 
494 
493 
497 


3704-0 

7375 -o 
73885 


2315-0 

23047 

2308-9 


4-8 
4-8 
4-8 


2-2 
2-2 


20-98 
22-31 

21-47 


230-0 
226-0 
229-0 


763-2 

764*5 
764-8 


494 
496 

496 


1 143 10 
6505-0 


2485 
2501-9 


47 
4-4 


1-6 
2-2 


23-69 
22-31 


221-0 
227-0 


765-9 
766-1 


500 
497 


9519-0 
1x655-5 

2667 -0 
10717-0 

8034-0 

8044-5 


2644-2 
2649-0 
2667 -o 
2679-2 
2678-0 

2681-5 


4 4 

4-4 
4-2 

4-2 

4-2 

4-2 


1-7 
1*4 
31 
1-5 

[2-1 
[2-1' 


24-92 
24-38 

23*44 
23-05 

23*05 
2305 


223-0 
223-0 
229-0 
222-0 
227-0 
228-0 


767-6 

767-4 
767-7 

767*4 
768-6 

769-0 


497 
498 
494 
501 
498 
498 


4146-0 
3687-5 


23033 
2304-7 


47 
4-5 


3-0 

[3'i] 


23-40 
22*95 


230-0 
232-0 


768-0 
768-0 


494 
493 
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Jieduction of pendulum observationSf Waikikiy Honolulu. 
[PeriodH reduced to temperature, 15° C. ; pressure, 50O°"» at 0° C. ; arc infinitely small ; sidereal time.] 



Posi- 
tion. 


Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 












Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 










Seconds. 


D 


05009351 


—27 


—349 


+4 


+340 


0500 9319 




334 


—25 


-338 


+3 


+317 


291 




398 


—49 


—332 


+8 ■ 


+317 


342 




345 


-35 


—308 


+5 


+304 


3" 




325 


-35 


-373 ' 


+6 


+298 


221 




414 


—29 


-354 


+2 


+292 
Feb. 10 


325 


302 


D 


0-501 0822 


-58 


—248 


+5 


+291 


0-501 0812 




871 


—41 


-303 


+3 


+291 


821 




851 


41 


268 


+3 


+291 
Feb. 20 


836 


823 


D 


0-501 0081 


—32 


~36i 





+294 


0-500 9982 


R 


012 


-37 


303 


+2 


+294 
Feb. 21 


968 


975 


D 


0-500 9472 


31 


—412 


+2 


+289 


0-500 9320 




455 


—27 


-389 


+2 


+317 


358 




392 


—47 


—350 


+5 


+338 


338 




348 


—27 


334 


— I 


+349 


335 




' 353 


34 


—334 


+2 


+349 


336 




341 


34 


—334 


+2 


+343 
Feb. 26 


318 


334 


D 


0-501 0878 


-52 


—349 


+5 


+333 


0-501 0815 


R 


871 


—51 


—330 


+6 


333 
Mar. I 


829 


822 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum obset'vaUons, JVaikikij Honolulu. 
[Obaerver; E. D. rrestoii.] 



• 

a 


■ 




3 


c 




d 


o 


Date. 


c 


En 




9i 


O 




0. 


(U 




1892. 


B, 


D 


Mar. 2 




R 


2 


Ba 


D 


4 

5 
8 

9 
10 

13 
14 


Bi 


D 


16 




R 


16 


B, 


1) 


19 




R 


19 


Ba 


D 


20 
21 

23 
24 
29 
30 
31 



j3 
O 



6 8i 
«-l « > 

CO k- 

ft "-S 
o c c 



>6. 




9'2 


30 


ii-o 


16 


8-8 


14 


9-8 


40 


II-4 


16 


9*5 


32 


9*4 


30 


9-4 


30 


97 


38 


8-3 


18 


9'6 


14 


8-4 


16 


95 


12 


8-9 


18 


95 


34 


10-5 


30 


9-4 


30 


9*4 


30 


9-5 


34 


9*4 


32 



Time in 
seconds. 



s. 
75120 
4022*0 

3750-0 
1 074 1 -o 

4346-0 
8748-0 

8179-0 

8087-0 

10241-0 

41490 
32295 

39960 

301 20 

4830-0 

9141-0 

8058-0 

8039-0 

8058-0 

9106-0 

8578-0 



Time of 
ten coin- 
cidence 
intervals. 



s. 
2504-0 
2513-8 

2678-6 
2685-2 
2716-2 
2733-8 
2726-3 
2695 -7 
2695 *0 

2305 o 
2306-8 

2497-5 

2510-0 
2683-3 

2688-5 
2686-0 

2679-7 

2686-0 

2678-2 

2680-6 



Sem 


i-arc. 


Tem- 


Manom- 


Barom- 


Pres- 


Initial. 


Final. 


per- 
ature. 


eter. 
mm. 


eter. 


sure at 
ntni. 


mm. 


mm. 


oc 


mm. 


47 


2-1 


22 -80 


225-0 


767-6 


499 


4*3 


30 


22-22 


230-0 


767-4 


495 


4-2 


3-0 


23-30 


231-0 


766-5 


492 


4-2 


1-5 


22-56 


221-0 


765-0 


501 


4-2 


2-9 


19-65 


236-0 


764-9 


492 


4-2 


1-8 


18-71 


231-0 


765-3 


498 


4-2 


2-0 


19-30 


230-0 


765-8 


500 


4-2 


2-0 


21-38 


225-0 


767-7 


502 


4-2 


1-5 


21-92 


222-0 


767-5 


503 


4-2 


2-9 


23-30 


236-0 


768-0 


488 


4-2 


31 


22-80 


238-0 


768-4 


488 


4-0 


2*9 


23-40 


235-0 


768-1 


489 


3 9 


[2-9] 


22-95 


237-0 


768-3 


489 


3*2 


2-0 


23-15 


233-0 


768-8 


493 


3-4 


1*3 


23-10 


228-0 


769-5 


498 


3-6 


[1-5] 


22-85 


229-0 


7693 


497 


3-5 


1-4 


23-89 


249-0 


769-2 


477 


3*45 


1-5 


23-15 


225 


769-3 


500 


3*4 


1*3 


23-69 


224-0 


769-3 


500 


3*4 


15 


23-59 


225-0 


770-0 


500 
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Reduction of pendulum observations, Waikiki, Honolulu. 
[Periods reduced to temperature, 15° C. ; pressure, 500«« at 0"=* C. ; arc inflnitely small ; sidereal tinae.] 



Posi- 


Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 










tion. 




Arc. 

« 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 










Seconds. 


D 


0-501 0004 


—39 


—324 


+ I 


+347 


0-500 9989 


R 


09965 


-47 


—300 


+ 4 


+347 
Mar. 2 


969 


979 


D 


05009351 


-46 


—344 


+ 6 


+352 


0-500 9319 




327 


—27 


3H 


— I 


+341 


326 




• 221 


—44 


193 


+ 6 


+343 


333 




162 


30 


— 154 


+ 2 


+358 


■■338 




186 


-33 


-178 





+335 


310 




291 


—33 


—265 


— 2 


+341 


332 




294 


—27 


287 


— 2 


+338 
Mar. 9 


316 


325 


D 


0*501 0870 


—44 


344 


+ 9 


^33^ 


0-501 0822 . 


R 


861 


—47 


—324 


+ 9 


+331 
Mar. 16 


830 


826 


D 


0-501 0030 


—42 


349 


+ 9 


+331 


0*500 9979 


R 


9980 


—41 


—330 


+ 9 


+331 
Mar. 19 


949 


964 


D 


0-500 9334 


—24 


-338 


+ 6 


+343 


0-500 9321 




316 


18 


336 


+ 2 


+338 


302 




325 


— 22 


—326 


+ 2 


+334 


313 




346 


— 20 


—369 


+18 


--336 


3" 




325 


—20 


-338 





+'335 


302 




352 


18 


-361 





-340 


313 




344 


—20 


-356 





+336 
Mar. 26 


304 


309 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum obaervationSy IVaikikiy Honolulu. 
[Observer: E. 1). Preston.] 
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E 




9 


B 


3 




•a 


a 


•a 


V 





PLi 


pL. 


B. 


D 




R 


B« 


D 




R 


B3 


D 


B, 


D 




R 


B2 


D 




R 


B« 


D 


- 





Date. 



1892. 
Apr. 6 
6 

9 
9 

13 
14 
15 

16 
16 

17 
17 

18 

19 
20 

21 

23 
24 

25 
29 

May I 



o. 
(4 



4. 

1*3 
2*3 

1-4 
3*6 

1-6 

1*4 
I'l 

1*3 
2 '9 

1*3 

2*3 

2-5 
2-2 

1*5 

1*4 
1*4 
1*3 

1-3 

i*o 

2*4 



u s « 




Time of 




Time in 


ten coin- 


12 S 


seconds. 


cidence 


2 




intervals. 




J. 


s. 


18 


4148-5 


23047 


8 


1841-0 


2301-2 


18 


4465-0 


2480-6 


42 


10532-0 


2507-6 


20 


53190 


2659-5 


16 


4247-0 


2654-4 


12 


3181-O 


2650-8 


20 


4584-5 


2292-2 


28 


6434-5 


2298-0 


16 


3961-0 


2475-6 


8 


1989-0 


2486-2 


26 


6932-0 


2666-1 


38 


10129-0 


2665 -5 


18 


4788-5 


2660-3 


16 


4262-0 


2663-8 


16 


42430 


2651-9 


14 


37245 


2660-4 


14 


3722-5 


2658-9 


6 


1590-0 


2650-0 


32 


8478-0 


2649-4 



Semi-arc. 



Initial. Final, 



50 
5-0 

5-0 
5-0 

4-5 
4-6 

4-6 

5-0 
4-9 

50 
49 

4-6 
4-6 
4-6 
4-6 
4-6 

4-5 
4-6 
4-6 

4-5 



fftfn. I tnffi. 



3*2 
41 

3 5 

2-0 

2*9 
30 

3 -4 

31 
2-7 

32 
31 

2-0 

1-8 
2-8 

30 

3-0 

[2-9] 

3-0 

4*1 
[1-8] 



Tem- 
per- ' 

ature. 



22-90 

22*75 

24-49 
23-05 

24-28 
24-82 
24-22 

24-77 
23*94 

25-07 

24-53 

24-04 

2433 
24-77 

24-33 
25-17 

24-33 
24-53 
24-58 

25-63 



Manom- 


Barom- 


eter. 


eter. 


mtn. 


mm. 


231-0 


768-0 


235-0 


768-0 


228-0 


766*2 


224-0 


765*8 


229-0 


766-5 


226-0 


766-1 


228.0 


•766.4 


227-0 


766-8 


227-0 


766-8 


227-0 


767-0 


229-0 


767 


225-0 


767-6 


222 -o 


767-4 


229-0 


766-8 


226-0 


766-7 


226-0 


765-4 


227-0 


7657 


227-0 


766*4 


228*0 


765*4 


224-0 


767*0 



Pres- 
sure at 
o«C. 



mm. 

494 
491 

492 
498 

491 

493 
492 

493 
495 

493 
492 

496 

499 
491 

494 
492 

494 

493 
491 

495 
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Reduction of pendulum ohservationsj Wailciki, Honolulu. 
[Periods reduced to temperature, 15° C. ; pressure, 500™"" at 0° C. ; arc iufiuitely small; sidereal time.] 



Posi- 




Corrections (in seventh decimal place). 




Period uncorrected. 










Period corrected. 


tion. 




Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 






Seconds. 










Seconds. 


D 


0*501 0871 


—59 


-328 


+5 


+335 


0-501 0824 


R 


888 


-73 


—322 


+7 


+335 
Apr. 6 


835 


830 


D 


0-501 0099 


-63 


—394 


+6 


+339 


0-500 9987 


R 


9990 


—41 


—334 


+2 


^+339 
Apr. 9 


956 


972 


D 


0-500 9418 


-48 


-385 


+7 


4340 


o'Soo 9332 




436 


-so 


408 


-f6 


+345 


329 




449 


-56 


-383 


6 


+351 
Apr. 14 


3(>7 


343 


D 


0501 0930 


-57 


—405 


+6 


+343 


0-501 0817 


R 


903 


—SO 


—371 


+4 


+343 
Apr. 16 


829 


823 


D 


0-501 0119 


-59 


418 


+6 


+345 


0-5009993 


R 


075 


-56- 


—395 


6 


+345 
Apr. 17 


975 


984 


D 


0-500 9395 


-37 


—375 


+3 


+337 


0-500 9323 




397 


-34 


-387 


+ 1 


+344 


321 


« 


415 


-48 


—405 


--7 


-353 


322 




403 


—50 


-387 


+5 


"347 


318 




445 


—50 


— 422 


-6 


-353 


332 




415 


-48 


-387 


+5 


+335 


320 




420 


—50 


^395 


+6 


+334 


315 




452 


-67 


-398 


+7 


+340 


334 




454 


—33 


—441 


+4 


+318 
Apr. 25 


302 


321 
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Pendulum ohservationSf TFaiMkiy Honolulu. 
[Observer: E. D. Preston.] 



• 

6 

3 

a 

<0 


• 

a 


cn 




Date. 


• 


a 


0. of co- 
ncidence 
ntervals. 


Time in 
seconds. 


Time of 
ten coin- 
cidence 
intervals. 


Semi 


-arc. 


Tem- 
per- 
ature. 


Manom- 
eter. 


Barom- 
eter. 


Pres- 
sure at 


Initial. 


Final. 


Pu 


PU 




Cz] 


z -- 


s. 














mm. 


1892. 


>4. 




s. 


mtn. 


tniti. 


°C. 


tntn. 


mm. 


B, 


D 


May 2 


1 1 -2 


14 


3186-0 


22757 


5-0 


3-6 


26-28 


225-0 


767-0 


492 




R 


2 


12*9 


26 


59400 


2284-6 


4-8 


2-8 


24-97 


221 -0 


766-7 


498 


B. 


D 


4 


II-4 


16 


3992-0 


2495-0 


SO 


3 3 


23-20 


225-0 


7638 


496 




R 


4 


12-8 


22 


5518-0 


25082 


4*9 


2*9 


22-46 


223-0 


763-8 


498 


Ba 


D 


5 


11-4 


H 


3744 -o 


2674-3 


4;6 


3*1 


23-10 


225-0 


764-7 


497 






6 


11-4 


H 


3762-0 


2687 I 


4-6 


31 


22-16 


227-0 


7648 


496 






9 


12*4 


38 


10164*0 


2674-7 


4-5 


1-5 


2394 


226-0 


768-1 


496 






10 


II-5 


16 


4249-0 


2655 -6 


4-6 


31 


24.68 


231-0 


768-0 


490 






II 


117 


14 


3722-0 


2658-6 


4 5 


2-9 


24-72 


23 10 


767-2 


490 






13 


13-3 


26 


6900-0 


26538 


4-6 


2-2 


25-17 


231-0 


768-4 


490 






14 


11 s 


16 


4222-0 


2638-8 


4-6 


29 


2633 


227-0 


768-4 


493 


B, 


D 


15 


II -2 


18 


4099-0 


2277-2 


50 


31 


26-13 


226-0 


768-5 


493 




R 


IS 


12-8 


26 


59370 


2283-5 


49 


2-8- 


25-17 


226-0 


769-0 


496 


B. 


D 


18 


II-4 


16 


39500 


2468-8 


4 9 


31 


25-42 


225-0 


766-1 


494 




R 


18 


131 


32 


79560 


2486-2 


4-9 


2-1 


24-67 


205 -C) 


j66'4 


514 


B3 


D 


21 


130 


32 


84780 


2649-4 


4-6 


1-9 


25 '63 


221-0 


766-9 


498 






22 


130 


36 


95540 


26539 


4-6 


1-9 


25 32 


219-0 


767-9 


501 






23 


136 


42 


111540 


2655-7 


4-6 


.^•s 


25-27 


219-0 


768-3 


502 






24 


14-4 


20 


5305-0 


2652-5 


4-6 


30 


24-67 


224-0 


770-2 


499 
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Redaction of pendulum observations, Waikiki, Honolulu. 
[Periwls reduced to temperature, 15° Q. ; pressure, 500""»> at 0° C. ; arc iufiuitely .small; sidereal time.] 



• 
¥3 «! 




Corrections (in seventh decimal place). 




l-'osi- 
tion. 


Period uncorrected. 


Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 


Period corrected. 


D 
R 


Seconds. 
0-501 lOlO 
I 0967 


1 

-65 
-50 


1 

468 
—414 


+ 6 

+ 2 


+328 
+328 

May 2 


Seconds. 
0-501 081 1 

^33 




822 


D 
R 


0-501 0040 
09987 


60 

-53 


—340 
—310 


+ 3 
-- 2 


+342 
+342 

May 4 


0-500 9985 
• 968 




976 


D 


0-500 9365 
321 

364 
432 
421 

439 
492 


-52 

-52 
—29 
-52 
-48 

39 
—49 


—336 
—297 

-371 
— 402 

—403 
— 422 

—470 


+ 2 
+ 3 
-h 3 
-V 8 
+ 8 
+ 8 
+ 6 


+340 
+353 
+347 
+327 
+334 
+343 
+329 

May 10 


0-500 9319 
328 
314 

3n 
312 

329 
308 




318 


D 
R 


0-501 1002 
I 0972 


—57 
-51 


—462 
— 422 


+ 6 
+ 3 


+339 
+339 

May 15 


0-501 0828 
841 




834 


D 
R 


0-501 0147 
075 


-56 
—41 


—432 
— 401 


+ 5 
— II 


+336 
+336 

May 18 


0-501 0000 
09958 


09979 


D 


0-500 9454 

438 
432 
443 


-35 
-35 
—30 
—50 


—441 
—428 
—426 
— 401 


+ 2 ■ 

— I 

— 2 


+346 
+336 
+336 
+340 


0-500 9326 
310 
310 

333 



556 



U. S. COAST AND GEODETIC SURVEY. 



Pendulum ohaervationSj Waikiki, Honolulu. 
[Observer: E. D. Preston.] 



B 

3 
c 



B. 



Bi 
B, 
B. 



r. 
o 



X 

O 

Oh 



D 



Date. 



D 

D! 

D 



1892. 
May 25 
26 

28 

June 3 

4 

5 

7 
II 



o 



157 
14-4 

15-7 

14-7 
14-7 

147 

147 
157 



6 8i 

^ C C 



42 
20 
42 

16 

16 

16 
16 
28 



Time in 
seconds. 



s. 
II 175 O 

5300-0 
11167-0 

3655*0 

39530 

42430 

4235*0 
7421-0 



Time of Semi-arc. 
ten coin- 
cidence 
intervals. Initial.! Final. 

I I 



s. 
2660 7 
2650-0 
2658-8 

2284-4 

2470-6 

2651-9 
2646-9 
2650-4 



mm. 


mm. 


47 
47 
47 


1-4 
2-9 

1-5 


4-9 


35 


5-0 


3' 3 


47 
4-6 

[4-4] 


30 
3-0 
2-1 



Tem- 

per- 

ature. 



° C. 
24-62 
24-92 
24-68 

25-02 

2512 

25-12 

25-48 
25-48 



Manom- 
eter. 


Barom- 
eter. 


mm. 


mm. 


217-0 
224-0 
214-0 


768-5 
768-9 
766-2 


225*0 


766-4 


226-0 


767-6 


244-0 
227-0 
225-0 


767-6 
767-9 
767-8 



Pres- 
sure at 
o°C. 



tntft. 

505 
498 

495 

495 

477 
493 
495 
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Reduhtion of pendulum observations, Waikiki, Honolulu. 
[Periods reduced to temperature, 15° C. ; pressure, 500""" at 0° C. ; arc infinitely small; sidereal time.] 



Posj- 
tipn. 


Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 


Arc. 


Tempera- 
ture. 


Pressure. 


Rate. 


D 

D 
D 
D 


Seconds. 
0-500 9414 

452 
421 

0-501 0968 

0-501 0140 

0-500 9445 

463 
450 


29 

-50 
-31 

62 
60 

—52 
-50 

-36 


-399 
— 412 
— 402 

— 416 

— 420 

— 420 

-435 
435 


— 4 
+ 2 

— 4 

+ 4 

+ 4 

-fi8 
+ 6 
+ 4 


+333 

+333 
+33^ 

May 25 

+329 
June 3 

+334 
June 4 

+339 
+342 

+342 

June 8 


Seconds. 
0-5009315 

325 
320 


320 
0-501 0823 


0-501 0823 
0-500 9998 


0-500 9998 

0500 9330 
326 

325 


327 
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Pendulum No. 3 was invariably swung in the direct j)08itiou. No. 1 
and No. 2 were used both in the direct and reverse, when possible. 
In order to reduce the results to the same conditions, a correction 
is applied when only one position was obtained. This correction is 
deduced from all the reversals during the year, as shown in the follow- 
ing table: 

Differences between the periods of pendulums Bi and B^for the direct and reverse positions. 



Date. 


B, 
D— R 


D— R 


I 89 I- I 892. 


s. 


s. 


June 26 


-foooo 0010 


— 0000 0010 


Aug. 2 


+ 38 


28 


Sept. 4 


+ 26 


— 02 


Oct. 4 


-[- 22 


— 22 


31 


-f 27 


19 


Dec. 3 


-f 07 


18 


Jan. 6 




08 


18 


4- 25 




Feb. 3 


+ 29 


18 


21 


4- 14 




Mar. I 


+ 20 


— 14 


17 


-f 30 


08 


Apr. 8 


+ 31 


II 


16 


-f 18 


— 12 


May 3 


-F 17 


— 22 


16 
>'cins 


+ 42 


— 13 


-f o-ooo 0024 


— O-OOO 0015 



The signs remain the same throughout the year, and we have a mean 
value of 

8, 

for ^i (7)— 2^) = -0-000 0016 
B^ (i)—E)=+ 0-000 0024 

The correction, therefore, to reduce those observations made in the 
direct position to the mean of those made in both is 

8. 

+0-000 0008 for Bi and 
-0-000 0012 " B2 
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These corrections being applied, we have the following table. Mean 
values are taken for those periods during which continuous observations 
were made with each pendulum : 



— — 


Hi 




Bs 


H, 




No. 






No. 






No. 


Date. 


Period. 


of 
obs. 


Date. 


Period. 


of 
obs. 


Date. 


Period. 


of 
obs. 


l89I-'92. 


Secatids. 


l89I-'92. 


Seconds. 


1891-92. 


Seconds. 


June 27 


0-501 0871 


2 


June 26 


0-501 0015 


2 


Tune 17 


0-500 9410 


16 


Aug. 3 


869 


2 


Aug. 2 


I 0018 


2 


July 14 


380 


17 


Sept. 6 


856 


2 


Sept. 2 


09979 


2 


Aug. 17 


364 


18 


Oct. 5 


861 


2 


Oct. 4 


09997 


2 


Sept. 19 


350 


9 


Nov. I 


846 


2 


31 


09994 


2 


Oct. 19 


344 


7 


Dec. 5 


838 


2 


Dec. I 


I 0002 


2 


Nov. 17 


346 


14 


Jan. I 


850 


I 


Jan. 2 


9981 


I 


Dec. 18 


341 


19 


6 


832 


2 


10 


09997 


I 


Jan. 5 


338 


2 


16 


823 


I 


18 


72 


2 


12 


329 


2 


Feb. 3 


819 


2 


Feb. 4 


76 


2 


26 


324 


8 


20 


831 


2 


21 


75 


2 


P^eb. 10 


302 


6 


Mar. I 


822 


2 


Mar. 2 


79 


2 


25 


334 


6 


16 


826 


2 


19 


64 


2 


Mar. 9 


325 


7 


Apr. 6 


830 


2 


Apr. 9 


72 


2 


25 


309 


7 


16 


823 


2 


17 


84 


2 


Apr. 14 


343 


3 


May 2 


822 


2 


May 4 


76 


2 


24 


321 


9 


15 


834 


2 


18 


79 


2 


May 9 


318 


7 


June 3 


. 831 


I 


June 4 


86 


I 


24 
June 8 


320 
327 


7 
3 



Comparing the preceding values with the respective mean values for 
each pendulum, we get the following differences. The column headed 
{t) gives the excess (minus) or defect (plus) of the observed period of 
the pendulum over the mean value for the year in units of the seventh 
decimal place of sidereal seconds. The following column, headed (^), 
gives the excess or defect of the force of gravity, the unit being one 
ten-millionth part of gravity. The sign plus indicates in this column 
that the observed force of gravity at the given date is less than the 
mean value for the year. The fourth column gives mean values and 
dates for successive groups of three: 
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1?. 



B, 



Mean value, o'soi 0838". 



Date. 



189I- 

June 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 



Feb. 
Mar. 
Apr. 
May 
June 



'92. 

27 

3 
6 

5 
I 

5 
I 

6 

16 

3 
20 

I 
16 

6 
16 

2 

IS 

3 



• 


JT- 


-33 


+ 132 


—31 


+ 124 


18 


+ 72 


—23 


4- 92 


08 


+ 32 


00 


00 


— 12 


+ 48 


4-06 


— 24 


+ 15 


60 


+ 19 


-76 


-I-07 


— 28 


+ 16 


64 


+ 12 


-48 


-1-08 


— 32 


4-15 


60 


+ 16 


- 64 


+04 


f6 


+07 


28 



Means. 



Aug. 2 
+ 109 

Nov. 3 

+41 

Jan. 8 
— 12 

Feb.io 
-56 

Apr. 2 
—47 

May 1 7 

-36 



Mean value, 0*500 9986». 



Date. 


/. 


ir. 


1891-92. 




June 26 


—29 


-I-116 


Aug. 2 


32 


+ 128 


Sept. 2 


-- 7 


?8 


Oct. 4 


— II 


+ 44 


31 


08 


+ 32 


Dec. I 


16 


+ 64 


Jan. 2 


+ 5 


— 20 


10 


— II 


+ 44 


18 


+ 14 


-56 


Feb. 4 


+ 10 


— 40 


21 


-h" 


— 44 


Mar. 2 


+07 


78 


19 


-f-22 


88 


Apr. 9 


+ 14 


-56 


17 


-f-02 


08 


May 4 


+ 10 


— 40 


18 


+07 


?8 


June 4 


00 


00 



Means. 



July 31 

+72 

Nov. I 

+47 

Jan. 10 
— 10 

Feb. 19 
—37 

Apr. 5 
-51 

May 19 
—23 



B, 



Mean value, 0*500 9338». 



Date. 


i. 


gr- 


1891-92. 




June 17 


-72 


—287 


July 14 


—42 


+ 168 


Aug. 17 


7h 


+ 104 


Sept. 19 


— 12 


-4- 48 


Oct. 19 


06 


— 24 


Nov. 17 


08 


4- 32. 


Dec. 18 


-03 


4- 12 


Jan. 5 


00 


00 


12 


+09 


- 36 


26 


+ 14 


-56 


Feb. 10 


+36 


144 


25 


-04 


t6 


Mar. 9 


-13 


- 52 


25 


-29 


116 


Apr. 14 


— 05 -(- 20 


24 


-17 


68 


May 9 


+20 


80 


24 


4-18 


- 72 


June 8 


+ 11 


— 44 



Means. 



July 12 
+ 186 

Oct. 19 

+35 

Jan. I 
—08 

Feb. 10 

—72 

Mar. 27 
—49 

May 16 
—66 



The above variations of gravity are shown graphically in illustration 
No. 25. The smallest square in the diagram represents one millionth 
part of gravity, and for this argument the plotting is done to the near- 
est line in the diagram. For the time argument the nearest day is 
plotted, four days representing the space between vertical lines. 

From the observations at Washington cited in the first part of this 
paper, it appears that the time of oscillation of the pendulums was 
decreased on account of use between April, 1891, and December, 1892, 
by the following amounts: 

for i?i 0-000 0039 

B2 17 

B:, 17 

It is assumed that this change took place during the time the pen- 
dulums were in actual nse, that is from June 9, 1891, to October 1, 1892. 
The above decrease in the periods correspond to an increase in the force 
of gravity of 

15*6 millionths of g for pendulum B^ 

6-8 " " " <^ «< B2 

6-8 " ^' " " <^ ^3 

Supposing that this effect was proportional to the time, we have the 
following table, which gives the apparent increase in gravity aifter cor- 
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recting for wear of the knives. These values are plotted in illustration 
No. 25 and are indicated by the sign -Jjf : 



Pendu- 


Dat«» 


% 


Days from 


Effect of 


Apparent in- 


lum. 






June 9, 1891. 


wear. 


crease oi g. 




189I- 


'92. 










Bi 


Aiig. 


2 


+ 109 


54 


-f 17 • 


-f-126 




Nov. 


3 


+ 41 


147 


+ 48 


-h 89 




Jan. 


8 


— 12 


213 


+ 69 


+ 57 




Feb. 


18 


- 56 


254 


+ 83 


+ 27 




Apr. 


2 


— 47 


298 


+ 97 


+ 50 




May 


17 


- 36 


343 


+ 111 


+ 75 


B, 


July 


31 


+ 72 


52 


+ 7 


+ 79 




Nov. 


I 


+ 47 


145 


-f 21 


+ 68 


• 

ft 


Jan. 


10 


— 10 


215 


+ 31 


-f 21 




Feb. 


19 


- 37 


255 


+ 36 


— I 




Apr. 


5 


- 51 


301 


+ 43 


8 




May 


19 


— 23 


345 


+ 49 


-h 26 


Ba 


July 


12 


+ 186 


}^Z 


4- 5 


+ 191 




Oct. 


19 


-f 35 


132 


+ 19 


-V 54 




Jan. 


I 


8 


206 


+ 29 


-f 21 




Feb. 


10 


— 72 


246 


+ 35 


- 37 




Mar. 


27 


— 49 


292 


+ 41 


8 




May 


16 


66 

• 


342 


+ 49 


— 17 



After thus correcting for wear we then have an increase of gravity, 
between July, 1891, and May, 1892, of 

5 millionths for Bx 

5 '^ " B^ 

21 " '^ JB3 

giving an average of 10 millionths for the three pendulums. This is 
equivalent to a decrease of joo'ooo ^^ ^ second in the time of oscilla- 
tion of a half second i)endulum. When we consider that all three pen- 
dulums indicate a slight increase of the force of gravity, it is worth 
while to examine the conditions under which the work was done. The 
influences bearing on the result were in several respects such that their 
eftect on differences of the force of gravity would be entirely eliminated 
when comparisons are made between observations made one year apart. 
Any eftect on the time of oscillation of the pendulum depending on the 
influence of climate should be the same at the same season of the year. 
The influence of temperature on the rate of the chronometer and the 
effect of erroneous indications of the thermometer consequent upon 
the failure of the pendulums to take the temperature as soon as the 
mercury in the thermometer, although varying with the season, should 
be nearly the same for June, 1891, and June, 1892. These conditions, 
moreover, change but little throughout the year at Waikiki. The 
star places can not affect the character of the result, since the same 
stars were observed for time during several months, and the identical 
ones were used for the work of June, 1891, and in the determinations 
S. Ex. 19, pt. 2 36 
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twelve mouths later. It is true that the wear of the knives was per 
ceptible during the year, and that this effect on the time of oscillation 
of the pendulums is the same as would be produced by an increase of 
the forc^ of gravity. But the effect of wear will not quite account 
for the observed decrease in the period of the pendulums. In fact, the 
observed decrease in B^ is more than three times that attributed to wear. 
Moreover, we must not lose sight of the fact that this effect was deter- 
mined by a comparison of the times of oscillation at Washington before 
and after the work at VVaikiki, and that this naturally assumes that the 
force of gravity at Washington was constant during the year, or at 
least that it was the same at the time that the two determinations were 
made. This may or may not be the case. Indeed, there is, a priori, 
no inore reason to suppose a variation at one place thaniijit the other, 
except the volcanic nature of the islands, and the effect of wear would 
probably best be estimated by considering alone the Waikiki observa- 
tions in Tvhich one of the i)endulums was swung so much more than the 
other two that the effect of wear on these may be neglected in the com- 
parison. Pendulum No. 1 and pendulum N^o. 2 were each used on 18 
nights, while pendulum No. 3 was used on 163 nights, or in the pro- 
portion of about 9 to 1. The weight of all the pendulums being the 
same, the agate knives being of the same ^material, and the support 
being identical, we should expect equal effects for equal amounts of 
w ork, and a tolerable accurate estimate of the effect of use may be had 
independent of the Washington comparisons. It is well known that 
tlje effect on the time of oscillation of the wearing off of the knife and 
of its blunting are in opposite directions. In the first case the pendu- 
lum is virtually made longer and hence oscillates slower. In the latter 
the effect is to make it oscillate more rapidly, so that there is some 
compensation in the total effect. Whatever may have been the effect 
of use, as regards the amount to be attributed to each of these causes, 
the x>endulums do not seem to have diverged from each other more 
than a few millionths of a second during the year, and there appear no 
progressive changes depending on the time, which should be the case if 
these changes were a function of the wear. The following table gives 
a comi)arison of the pendulums at thovse times during the year when a 
change was made from one instrument to the other. Since Bi and B2 
were swung between the times of swinging B^, the mean value of ^3 
before and after is compared with each of the others. The unit is one 
ten-millionth of a sidereal second. 
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Comparison of pendnhwis. 
[The unit is in the seventh decimal place of a Hidereal second.] 



Date. 


B3 


B, 

Mean 

D and R. 


B, 

Mean 

D and R. 

1087 1 

69 
56 
bi 

46 

38 

50 

32 

23 

19 

31 
22 

26 

30 

23 
22 

34 
31 


H,-H3 


• 
Bj-Mj 

1483 
1503 
1504 
1508 

1500 
1494 
1510 
1498 

1495 
1509 

1499 . 
1498 

1508 

151I 

1488 

150I 

1516 

1506 


B,-B3 


Before. 


. After. 


Mean. 


l89I-'92. 
June 26 
Aug. 2 
Sept. 4 
Oct. 4 

31 
Dec. 3 

Jan. 2 
10 
18 

Feb. 3 
20 

Mar. I 
16 

Apr. 9 
16 

May 2 
18 

June 4 


9398 
70 

51 
50 

44 
40 

42 

38 
29 

14 

25 

27 

24 
08 

48 
18 
18 
22 


9377 
63 
53 
56 
48 
48 
38 

29 
28 

05, 

39 
22 

12 

30 
22 

24 
18 

28 


9388 
66 

52 

53 
46 

44 
40 

34 
28 

10 
32 

24 
18 

19 

35 
21 

18 
25 


IOOI5 
18 

9979 

97 

94 

10002 

9981 

97 
72 
76 

75 
79 
64 
72 
. 84 
76 

79 

86 


856 
85, 

877 
864 

852 

836 

869 

835 
851 

843 
856 

843 
862 

858 

839 
846 

855 
845 


627 
652 
627 
644 
648 
658 
641 
663 

644 
666 

, 643 

655 
646 

653 
649 

655 
661 

661 


Means 1502 


650 



Differences from mean value. 



Date. 


B B 
1 3 


B— B 

2 S 


Date. 


Bi-B, 


B,-B3 


Date. 


Bi-B, 


Bj-Bs 


1891. 






1892. 






1892. 






June 26 


+ 19 


+ 23 


Jan. 2 


— 8 


+ 9 


Mar. 16 


6 


+ ^ 


Aug. 2 


— I 


— 2 


10 


-V 4 


— 13 


Apr. 9 


— 9 


— 3 


Sept. 4 


— 2 


+ 23 


18 


-f- 7 


-f 6 


16 


-14 


+ I 


Oct. 4 


6 


+ 6 


Feb. 3 


7 


16 


May 2 


+■ I 


- 5 


31 


+ 2 


+ 2 


20 


- 3 


-- 7 


18 


— 14 


— 11 


Dec. 3 


+ 8 


8 


Mar. I 


+ 4 


— 5 


June 4 


— 4 


— II 



The fact that the pendulums were liot swung at the same station in 
Washington before and after the work in the Hawaiian Islands can 
hardly throw any uncertainty on the comparisons before and after the 
expedition. The connection was made by the telegraphic method, 
the pendulums being swung simultaneously and the greatest discrep- 
ancy of the period of individual swings from the mean value was only 
one part in two and one-half millions. It does not seem that the cor- 
rections for amplitude, temperature, atmospheric pressure, or rate of 
chronometer could be in error sufficiently to account for the change of 
gravity noticed at Waikiki. Even supposing that the coefficients were 
not strictly accurate, or that the amplitude scale was not true this 
would.not influence relative gravity, since the corrections were calcu- 
lated with the same constants throughout. The rate of the chronom- 
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eter was determined each night from star observations and also from 
observations before and after the gravity determinations, in order to 
detect any irregularity in the rate during the interval from night to 
night. TbQ result of this investigation was that greater irregularities 
were found in the corrections for rate, but it is doubtful whether these 
variations were really in the movement of the chronometer or whether 
the period of two or three hours was not so short that they came from 
uncertainties in tbe corrections themselves. Under either supposition, 
however, tbe result for the variation of gravity for the year is unchanged, 
because when we apjily these corrections, deduced from determinations 
before and after the i)eudulum work, we get practically the same result 
for the periods of continuous work with each pendulum. For exam- 
pie, for those ]>eriods when ^3 was swung continuously we have the 
following differences in the rate corrections by the two methods : 









s. 


Oct. 5 
Nov. 4 
Dec. 9 


to Oct. 

Nov. 
Dec. 


30 
30 
3« 


-|-o-ooo 0007 

+ 05 

— 01 


Jan. 20 
Feb. 6 


Jan. 
Feb. 


27 
14 


-l- II 

08 


23 
Mar. 5 


Mar. 


29 


f- 06 
08 


21 
Apr. 19 
May 5 

21 


May 
Mear 


31 

I 

H 

28 

I — 


+ 07 

— 10 

-j- 12 
— 08 


4-0 000 COO I 



It appears, then, that we can not explain the progressive change in 
period during the year by using clock corrections computed from short 
intervals extending over the pendubim work for each night, and that on 
the average the corrections for short intervals do not differ materially 
from those adopted from the daily rates. 

It is now worth while to see what a change of j^ooS^^ <>f a second in 
the x>^riod of the pendulums represents in the determination of the 
period and in the corrections that are applied to it. In order to have 
a convenient standard of reference, this effect was calculated for one- 
millionth of a second, and we have approximately — 

A change of O'OOOOOl*' in the deduced period is produced by an error 
of 5 seconds in noting the coincidence between the chronometer and 

pendulum (swing one hour long) ; 
of J mm. in estimating both initial and final arcs (swing from half 

amplitude, 5-0 mm. to 3*0 mm.); 
of 0O'26 O. in noting the temperature of the pendulum; 
of 12 mm. in noting height of manometer; 
of 0*2« per day in the rate of the chronometer. 

An error of roo^oo ^^ ^ second in the pendulum period would imply 
magnitudes at least twice those given above. 
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High and Low Water at Honolulu, Hawaiian Islands, from 

June 17, 1891, to June 30, 1892. 

variation of the sea level. 

In connection with the variations of gravity, if such variations really 
exist, it may not be out of place to show the variations of the sea level. 

No ordinary movement of the tides, however, can sensibly affect our 
results, as has been shown both theoretically and practically by several 
eminent authorities. (See Helmert Theil, II, pp. 144, 155 ; Thomson and 
Tait, Vol. I, Part II 5 Woodward Bulletin No. 48, U. 8. Geological Sur- 
vey, etc.) 

Professor Woodward's equation is 

dg _3h 6 /'«' 
9 



=i^iyr^(^)^^«*^^^ 



where • g = acceleration of gravity. 

d = density of superposed mass. 
z^ = mean density of earth. 
r = radius of earth. 
/t^(6') = thickness of superposed lenticular mass at angular dis- 
tance 6 from center of mass [h^(d) = ^1 for 6^ = 0]. 
^1 = limiting angle of ft 
If we take q}(6) = cos 2 and 61 = 60° we have 



g 2rA./o ^ 



j^ 1 

If — is taken equal to - the aboi» equation gives 

^ = -s — approximately 
g 10 r 

which shows that a wave of the above form must be 21 feet high in 
order to change gravity by its ten-millionth part. 

The following table gives the times of high and low water at Hono- 
lulu, together with the reduced height. The local mean civil time is 
given, the hours counting from midnight. Interpolated values are 
given in brackets. The heights refer to the mean sea level for the 
period between June 17, 1891, and June 30, 1892. This mean sea level 
is derived from all the staff readings for the period under consideration. 
The table has been furnished by the Tidal Division in the Coast and 
Cxeodetic Survey Office from records sent by the Hawaiian Government 
Survey. Mr. C. J. Lyons, in charge of the Government Survey Office 
at Honolulu, has called attention to the existence of a relation between 
the variations of latitude and the change in the sea level. 
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High and low water, Honolulu, Hawaiian Islands, 



Date. 


High 


1 
water. 

1 


Low water. 


Date. 


High 


water. 


Low 


water. 


i 


Cor- 
rected 
time. 


1 

Reduced ■ 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected, 
time. 

h, m. 


Reduced 
height. 

Feet. 


Cor- 
rected 
time. 


Reduced 
height. 

Feet. 


189I. 


//. m. 


Feet. 


h. m. 


Feet. 


189I. 


/;. nt. 


June 17 






5 45 


— I -00 


July 1 2 


9 45 


— 0-05 


I 45 


—0-85 






13 30 


-}-o-6o 


19 30 


0-50 




19 so 


4-0-30 


12 30 


—0-25 




18 


10 


—015 


5 55 


— I-IO 


13 


10 00 


+0-15 


3 55 


—075 






13 30 


+0*85 


20 40 


-0-55 




19 30 


4-0-20 


15 20 


— o-io 




19 


30 


— 0-20 


6 30 


— i-oo 


14 


II 20 


+0-55 


3 00 


—0.7s 






14 10 


+ I-I5 


21 15 


— 0-60 




21 40 


4-0-20 


16 so 


— O-IO 




20 


50 


—0-40 


7 30 


— I -20 


15 


II 30 


• 4-0 80 


[ 3 40; 


r 07s] 

— 0-20 






15 00 


4- 1 -20 


22 30 


0-80 




[22 45] 


[4-0-05] 


[18 50. 




21 


2 30 


— 0-50 


8 IS 


— 1-25 


16 


13 00 


--I-00 


[ 4 20 


^0. 70" 




22 


15 30 


4-1-30 


23 00 

8 30 


-0-85 




23 50 


o-oo 


20 50 


-0-30 




2 45 


-0-55 


— I 20 


17 




5 00 


0-70 






16 30 


+ 1-25 








.13 30, 


;-fi-25; 


?\ 3° 


. °'35, 




23 


4 20 


—0-65 


30 


- I-IO 


18 


45 


0-00 


. 6 35, 


-0-65 






17 15 


-f I-20 


9 45 


-1*35 




14 00 


=+'•45. 


22 00 


. 0-40. 




24 


5 20 


-055 


30 


— I-IO 


19 


. I 35. 


O'OO 


7 20 


.-075. 






17 55 


4-115 


9 35 


—1-30 




14 30 


4-1-65 


22 30 


— 045 




25 


6 25 


—0-55 


I 30 


-115 


20 


2 25 


o-oo 


8 00 


—0-85 






:i« 35; 


r4-i-o5 
[-0-35J 


,10 35^ 


[-i-oo; 




15 00 


-1-70 


23 00 


—0-50 




26 


. 7 30. 


. I 55. 


[ — 1-20 


21 


3 30 


0-00 


8 30 


0-85 




27 


19 20 
[ 830] 


4-095 
[-0-05] 


11 30 
2 20 


0-85 




15 45 


4-170 


23 35 


— 0*50 




— 1-20 


22 


4 20 


p-00 


9 20 


— 0*90 






20 30 


4-070 


12 30 


—070 




16 30 


--1-50 








28 


9 30 


-|-0-20 


3 20 


— 1-25 


23 


5 10 


— 0-05 


0-15 


-0-55 






21 40 


+0-45 


15 10 


— 045 




17 45 


-fi-40 


lO'IO 


— o-8o j 


29 


10 50 


+0-45 


4 15 


— I 20 


24 


6 15 


-j-o-io 


0-15 


—0-70 






22 00 


+030 


17 10 


—0-30 




18 IS 


-fI-25 


IO-45 


— 0-60 




30 


12 30 


+075 


4 45 


— I-IO 


25 


6 40 


4-0-20 


I-IO 


— 0-70 






22 55 


4-0-05 


17 50 


—0-30 


R 


18 45 


-|-i-oo 


10 45 


— 0-40 




July I 


12 45 


--1-00 


5 10 


— I-IO 


26 


8 00 


4-0-30 


2 10 


—075 






23 30 
13 45 


-015 


20 30 
6'30 


— 0-50 




19 30 
9 30 


--0-70 


12 30 


— O-IO 




1 


4- 1 -20 


—115 


27 


4-0-50 


2 30 


—075 










20 45 


-0-65 




20 00 


4-040 


15 35 


o-oo 




3 


1 15 


—0-30 


6 40 


— I -20 


28 


II 30 


+0-7S 


3 00 


—075 






14 15 


-f-i-io 


21 30 


-0-95 




21 00 


-f-OIO 


16 45 


—0-05 




4 


2 00 


— 0-50 


[ 7 20] 


[—1-20] 


29 


12 20 


4-I-IO 


4 10 


—0-70 






14 50 


+ 135 


22 45 


-0-75 




22 30 


— o-io 


19 30 


— O-IO 




5 


2 50 


— 0-40 


8 00 


— I-I5 


30 


12 45 


+ 130 


4 10 


— 0-65 






15 35 


4-1-30 


23 00 


— 0-70 




23 40 


—015 


21 00 


—0-30 




6 


3 30 


— 0-40 


8 30 


-IIS 


3' 






5 30 


— 070 






16 00 


4-1-25 
— 035 


20 




Aug. I 


13 25 
2 IS 


"-fi-30 


21 20 


— 0-40 




7 


4 20 


—0-65 


— 020 


6 00 


—0-65 






10 30 


4-1-40 


9 15 


— I-oo 




14 10 


+ 1-45 


21 45. 


0-45. 




8 


5 00 


—015 


00 


-0-7S 


2 


2 25 


0-25 


6 40 


—0-65] 






17 20 


-|-i-io 


9 30 


—0-95 




.14 30. 


.+ '•40. 


22 05 


[—0-50* 




9 


6 15 


—0-30 


45 


—0-65 


3 


[ 3 00" 

[14 55' 


— 0'20 


7 20 


' — o-6o' 






18 20 


-)-i-oo 


10 50 


—075 




:+i-35: 


22 30 


.—0-55: 


10 


6 30 


— 0-20 


I 50 


—0-65 


4 


3 35 


— o-is 


' 8 00' 


L-OS5 




18 30 


4-0-75 


II 30 


— 0-7S 




IS 20 


-1-25 


22 25 


.~o-55. 




II 


8 00 


—0-15 


2 00 


0-85 


5 


[ 4 oo" 


—0-15 


8 45 


— 0-50 






19 so 


4-i'io 


II 00 


—0-50 




15 45 


4-i-iS 


23 20 


— 0-60 
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High and low water ^ Honolulu^ Hawaiian Islands — Continued. 



Date. 
189I. 


High 


water. 


Low water. 


1 

Date. 


High 


water. 


Low water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 

h. m. 


Reduced 
height. 

Feet. 


Cor- 
rected 
time. 


R educed 
height. 

Feet. 


A. m. 


Feet. 


h. in. 


Feet, 


1891. 


//. m. 


Aug 6 


4 15 


— o-io 


9 30 


— 0-65 


Aug. 31 


2 15 


4-0-40 


6 45 


—0-30 




16 40 


-j-i-oo 






1 


15 00 


4-1-70 


21 40 


—01 5 


7 


5 30 


—005 


30 


— 0-6o 


I 


2 40 


+0-55 


7 50 


— 0-45 




17 15 


+075 


9 45 


-0-55 




15 10 


-1-70 


22 10 


—015 


8 


[ 6 00 


[-f-o-os; 


35 


-055 


2 


3 10 


'4-o-6o 


8 30 


— 0-40 




17 30 


-fo-8o 


10 30 


—0-25 




15 50 


4- 1 50 


22 30 


— 0-20 


9 


6 45 


-|-0-20 


I 00 


— o;45 


3 


3 45 


-0-70 


9 00 


— 0-40 




18 00 


-j-I'OO 


II 50 


— 0-20 




16 10 


-I -60 


22. 5(3 


— 0-25 


10 


9 SO 


+0-30 


I 50 


—0-50 


4 


4 25 


-|-i-oo 


9 30 


-0-30 




18 00 


+0-40 


13 10 
I 40 


O-OO 




16 20 


4-1-30 
4-0-90 


22 50 


—0-40 
-0-35 


II 


9 30 


+0'45 


— 0-50 


5 


4 30 


10 30 




19 45 


-{-0-20 


14 20 


4-0-15 




17 10 


-f-105 


23 30 


—0-55 


12 


II 00 


-|-o-6o 


I 45 


—0-50 


6 


5 30 


o-8o 


II 15 


—0-15 




19 00 


-hoio 


17 50 


O'OO 




17 30 


4-0 -95 






13 


II 30 


4-0-85 


3 00 


— o-6o 


7 


6 30 


4-i'oo 


10 


--0-40 




22 30 


— 010 


18 15 


— 0-05 




17 50 


o-8o 


12 30 


4-0-10 


H 


12 30 


+ I-I5 


4 20 


— o-6o 


8 


6 40 


4-1-10 


30 


—0-30 




23 20 


— o-io 


21 15 


—0-30 




17 45 


+o'55 


12 30 


4-0-I0 


15 




_■ 


4 40 


-0-65 


9 


7 00 


--1-05 


00 


— 0-40 




13 10 


-1-1-30 


21 00 

5 50 


^—0-40 




18 00 


--0-40 


15 00 
I 30 


+015 


16 


I 00 


— 0'20 


-0-75 


10 


8 20 


4-1-15 


— 035 




14 10 


+ 1^45 


21 30 


— 0-50 




19 50 


— 0-40 


16 30 


-fO-20 


17 


2 20 


—O-IO 


7 00 


—0-75 


II 


10 00 


4-1-30 


2 30 


—0-30 




14 30 


+ 1-65 


21 20 


—0-50 




20 30 


--010 


17 50 


4-0-05 


18 


2 30 


o-oo 


7 40 


—0-70 


12 


II 30 


+ 1-35 


3 00 


—0-30 




15 00 


-f i-8o 


22 00 


— 0-45 




23 00 


--0-I0 


19 00 


—0-05 


19 


3 15 


+0-30 


8 30 


o-8o 


13 






4 30 


—0-30 




15 40 


+ 175 


23 05 


—0-50 




12 30 


-f i-6d 


20 30 


— O-IO 


20 


4 20 


+0-45 


9 30 


—0-65 


14 


40 


--1-20 


5 10 


-0-30 




16 30 


+ 175 


23 30 
10 20 


-0-55 




13 20 


--1-60 


20 40 


-035 
— 045 


21 


4 35 


-|-o-6o 


—0-50 


15 


2 20 


-fo-40 


6 35 




17 10 


+ 1*40 


23 45 


— o-6o 




14 10 


1-80 


21 30 


— 045 


22 


6 00 


+075 


II 10 


— 0-25 


16 


2 30 


+0-45 


8 00 


—0-50 




17 30 


-fl-25 








[15 00] 


[+170] 


'22 00] 


[—0-50] 


23 


6 40 


--I-00 


20 


-0-55 


17 


3 15 


--0-70 


9 10 


—0-50 




[18 15] 
[ 7 35] 


--I-05 


"12 20' 


[ o-oo 




15 50 


--i-6o 


22 30 


-0-55 


24 


;-l-i-io] 


. 55. 


—0-50 


18 


3 55 


4-0-95 


9 20 


— 0-35 




19 00 


-fo-85 


13 35 


4-0-30 




16 30 


+ 1-45 


22 30 


— 0-70 


25 


8 30 


-hi -25 


I 30 


—0-40 


19 


4 40 


4-1-30 


10 40 


—0-30 




19 30 


+0*50 


16 oo 


4-0-25 

— 0-45 




16 50 


+ 1-35 


23 10 


— 0-60 


26 


10 15 


+ 1-40 


2 30 


20 


5 30 


--1-40 


II 40 


—0-15 




20 45 


+0-40 


17 30 


+025 




17 30 


4-1-05 


23 20 


— 0-50 


27 


II 40 


-fi-45 


3 10 


-0-35 


21 


6 30 


+ 1-55 








21 30 


4-0-20 


18 50 


4-005 




17 50 


4-0-80 


12 45 


4-0-20 


28 


12 00 


-I-I-50 


4 15 


—0-30 


22 


7 30 


+ 1-55 


00 


—0-30 








20 20 


— O-IO 




17 30 


+0-45 


15 00 


-j-o-io 


29 


10 


-|-0-20 


4 30 


— 0-40 


23 


9 00 


+ 1-50 


50 


— 035 




13 20 


+ i'65 


20 30 


— O-IO 




20 20 


4-0-20 


16 30 


4-0-15 


30 


I 30 


+0-35 


5 45 


0-35 


24 


10 00 


4-1-50 


I 35 


— 0-20 




14 05 


+ 1-65 


21 30 


— O-IO 




22 00 


4-015 


18 00 


— O-IO 
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Sigh and low wafer, ffonoluJu, Hawaiian Islands — Continned. 



Date. 


High water. 


Low 


water. 


1 

1 
1 

i Date 

: 1 
1 


High 


water. 


Low 


water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor 

rected 

time. 


Reduced, 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected, 
time. 


Reduced 
height 


189I. 


A. m. 


Feet. 


h, m. 


Feet. 


. 1891. 1 


h. ni. 


Feet. 


h. m. 


Feet. 


Sept. 25 


10 30 


+ 1-30 


2 45 


— O-IO 


Oct. 20 


.5 30 


+ 1-45 


12 05 


— 0-20 








18 40 


— 0-20 




16 50 


-|-o-io 


22 55 


— 070 


26 10 


-{-0-20 


4 10 


— 0-20 


21 


6 45 


4-1-45 


14 00 


— 0-25 


II 50 


+ 1-40 


20 30 


— O-IO 




18 10 


— 0-05 


23 30 


—0-30 


27 . 45 


4-0 -45 


5 45 


— 0-20 


22 


7 30 


4-1-30 


16 30 


— 0-20 


1 12 30 


-(-I -40 


20 30 


— 0-25 




22 30 


— 010 






28 I 50 


-fo-45 


6 45 


—0-30 


23 


825 


-f-i-30 


15 


— 025 


13 20 


H-i-45 


20 30 


-0-35 




23 50 


— 0-05 


17 30 


— 0-25 


29 I 50 


+055 


7 10 


—030 


24 


9 45 


-{-IIO 


I 30 


—01 5 


: 14 00 


4-140 


21 00 


— 0-50 








18 30 


—035 


30 2 15 


4-0-65 


8 15 


— 050 


25 


30 


4-0-15 


3 00 


o-oo 


! 14 30 


+ 130 


21 00 


— 0-50 




12 00 


-hi 05 


18 45 


—0-40 


Oct. I 2 45 


-fo-8o 


8 50 


— 045 


26 


I 10 


4-0-30 


5 00 


o-oo 


1 15 05 


4- I "20 


21 20 


—0-65 




12 10 


-j-i-oo 


18 50 


— 0-50 


21 3 30 


+095 


9 10 


— 0-50 


27 


I 50 


-fo-5o 


6 20 


— O-IO 


' 15 10 


-fio5 


21 45 


— o-6o 




12 45 


+090 


19 15 


— 0*70 


3 3 45 


-I-I-I5 


10 00 


—0-40 


28 


2 00 


+0-65 


7 00 


—030 


15 45 


-fo-90 


22 00 


— 0-55 




13 20 


-fo-8o 


20 00 


— 070 


4; 4 30 


-I-I-30 


10 50 


— 030 


29 


2 40 


4-0-70 


7 30 


—0-30 


16 15 
5 5 00 


-I-0-90 


22 30 


-0-55 




13 20 


-}-o-6o 
-|-o-90 


20 00 


— 0-75 


-fi-35 


II 40 


— 0-25 


30 


2 35 


[ 8 15] 


L— o-3oJi 


; 16 40 


-I-0-80 


23 00 


— 0-50 




[14 05- -ho-6o] 


[20 25 


— 0-70]! 


6 5 40 


-fi-40 


12 30 


— O'lO 


31 


[ 3 05: [+1-15] 


9 00 


—0-30 


1 17 20 


-I-0-65 


23 20 


— 0-50 




14 50 


4-0-60 


20 50 


— 070 


7: 6 30 


-fi-30 






: Nov. I 


3 30 


+ 1-40 


9 40 


—0-50 


! 18 20 


-fo-30 


14 15 


o-oo 


1 
1 


15 00 


+045 


21 00 


—0-70 


8. 7 10 


-fi-35 


00 


— 045 


2 


4 00 


4-1-40 


11 00 


—0-25 


; 1845 


4005 


15 00 


— 020 


i 

1 


16 30 


4-0-30 


21 00 


— o-6o 


9 8 30 


-f I-20 


10 


— 0-40 


3 


4 20 


4-1-40 


12 30 


— o-io 


1 20 30 


r-005 


16 30 
I 00 


— 0-15 


4 


16 15 
5 30 


4-0-30 
4-1-50 


21 40 


— 0-70 


10, 10 00 


-J-I-20 


—0-30 


12 50 


O-IO 




23 00 


— 0-05 


17 50 


— 045 


' 


16 40 


-f-o*io 


21 50 


—0-55 


II 


10 30 


+ 1-35 


3 20 


—0-30 


5 


6 10 


4-1 40 


14 30 


— 010 








18 30 


— 0-50 




17 30 


4-0-I0 


21 30 


— 0-50 


12 


45 


-^-o-io 


4 45 


—0-30 


6 


7 00 


+1-45 


16 40 


— 0-20 




II 50 


+ 1-35 


19 30 


—0-70 


, 


19 15 


— o-io 


22 20 


—0-30 


13 


20 


+025 


6 20 


— 045 


7 


8 00 


4-1-30 


17 00 


—0-30 




12 35 


+ 1-45 


19 45 


—075 




'9 30 


—015 


22 40 


— 0*25 


14 


I 30 


-}-o-6o 


7 10 


—0-50 


8 


9 30 


4- I -20 








13 20 


4-1-30 
+075 


20 30 
8 30 


-075 
— 045 




22 45 
II 00 


— O-IO 


17 30 


— 0-4S 


'5 


2 00 


9 


4-1-40 


2 45 


— 0-15 


i H 05 


4-1-25 


21 00 


— 080 








18 00 


—0-25 


16 i 3 10 


-f-i-00 


845 


0-55 


10 


00 


+030 


3 10 


4-0-I0 


! 14 50 


-J-I-20 


21 20 


—0-85 




10 30 


4-1*30 


18 30 


—0-30 


17 ; 3 45 


+ 1-30 


10 10 


— 045 


II 


30 


4-0-50 


5 30 


4-005 


' ' 15 20 


4-0-85 


21 50 


-0-95 




II 50 


4-I-IO 


18 50 


-0-55 


18 [ 4 10] 


[-1-40] 


II 00 


—0-50 


12 


2 00 


4-0-90 


7 10 


—015 


! 16 15 


4-0-50 


22 .00 


—0-90 




12 00 


4-0*90 


19 15 


— o*6o 


19 


4 35 


+ 1-55 


" 55 


035 


1 13 


I 30 


+115 


8 00 


— 0-20 




16 40 


-I-0-20 


22 30 


-075 


\ 


13 00 


-4070 


20 00 


— 0*65 
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High and low watei', Honolulu^ JIatcaiiun Islands — Continned. 



Date. 


High 


water. 


Low 


water. 


Date. 


High water. 


Low water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


189I. 


n. fft. 


Feet. 


h. m. 


Feet. 


1891. 


h. m. 


Feet. 


//. m. 


Feet. 


Nov. 14 


2 45 


-f-i-3o 


9 10 


— 0-20 


Dec. 9 


10 00 


-j-i-oo 


4 10 


—0-05 




13 30 


-1-0-40 


20 00 


— 0-90 








17 io 


—0-60 


15 


3 50 


-|-i-6o 


10 45 


—0-30 


10 


30 


4-075 


6 00 


4-0-15 




IS 30 


4-0-30 


21 15 


— 0-90 




11 20 


4-0-70 


18 00 


—0-70 


16 


3 50 


-f i-6o 


.11 30 


— 0-35 


II 


I 45 


4-1-20 


7 00 


0-00 


« 


16 20 


+005 


21 00 


— I -00 




II 30 


-I-0-55 


18 50 


—0-75 


17 


5 50 


H-i-65 


12 40 


— 0-40 


12 


I 50 


-I-I-45 


8 00 


— 0-15 




17 00 


o-oo 


21 15 


—0-65 




.'2 35. 


;-i-o-35; 


,19 25. 


;-o-85: 


18 


6 10 


-hi 70 


13 45 


— 0-50 


13 


. 2 30^ 


.4-1-50. 


9 20 


. 0-35, 




17 10 


—015 


22 00 


—0-65 




[13 40] 


[4-0-10 


.19 55. 


[ — I -00 


19 


6 45 


+140 


14 25 


—0-40 


14 


[ 3 10] 


[4-1-60] 


10 40 


— 055 




18 30 


— 0-20 


23 20 


— 0-5S 




14 50 


— O-IO 


20 30 


— i-io 


20 


7 20 


-fl-25 


15 55 


—0-45 


15 


3 50 


4-1-65 


II 20 


— 0-S5 




20 10 


— o-io 


23 50 


—0-30 




15 50 


—0-05 


20 50 


— I -00 


21 


8 00 


+ 1-25 


15 45 


~o-45 


16 


4 30 


+175 


12 15 


— 0-60 




20 45 


— 0*05 


23 10 


— 0-20 




15 45 


—0-05 


21 25 


— I -00 


22 


845 


-|-I*20 






17 


5 15 


4- 1 '60 


12 30 


— 0-60 




23 45 


-i-o-o5 


16 40 


—0-50 


. 


17 20 


—0-05 


22 20 


— 0-90 


23 


9 50 


-l-i-co 


3 00 


0-00 


18 


5 30 


4-1*60 


13 10 


— o-6o 


24 






17 10 


— 0-40 




17 30 


o-oo 


22 50 


0-85 
055 


00 


-I-0-25 


5 00 


4-0-05 


19 


6 30 


-hi -40 


13 45 




II 00 


-l-o-So 


17 45 


—0-45 




18 30 


— O-IO 


23 00 


—0-50 


25 


I 00 


-ho 50 


5 30 


—0-05 


20 


7 30 


4-I-I0 


14 20 


— 0-70 




II 30 


-I-070 


18 00 


— 0-40 




.19 45; 


[4-0-05' 
[-ho-95! 


[23 45] 


[-0-35] 


26 


I 20 


-fo-8o 


7 00 


4-0-05 


21 


■ 8 oo" 








II 20 


4-o-6o 


18 30 


—0-50 




20 55 


4-0-20 


14 55 


-0-55 


27 


I 50 


--I-00 


7 45 


— o-io 


22 


8 30 


4-0-80 


30 


— 0-20 




12 15 


-j-o-6o 


19 00 


— 0-40 




22 40 


4-0-30 


16 00 


—0-65 


28 


2 35 


-hi -25 


8 30 


— 0-05 


23 


9 CO 


+0-45 


3 50 


0-00 




13 30 


4-0-30 


19 45 


-0-55 








17 00 


— 0-70 


29 


3 00 


4-1-30 


9 10 


--0-30 


24 


I 00 


4-0-25 


5 30 


—O'lO 




14 00 


4-005 


20 15 


—0-80 




9 30 


4-0-30 


17 45 


o-8o 


30 


4 OS 


4- 1 30 


10 30 


-030 


25 


I 15 


4-0-80 


6 30 


— o-io 




15 20 


4-0-15 


20 30 


—0-65 




II 10 


—0-15 


18 00 


— 0-95 


Dec. I 


3 50 


-hi 50 


II 20 


— 0-35 


26 


I 40 


4-0-90 


7 40 


— 0-35 




15 20 


4-0-10 


21 00 


— 0-60 




12 15 


-j-o-io 


18 30 


- -I -05 


2 


5 10 


-hi. 70 


12 15 


-035 


27 


I 50 


4-I-I5 


.18 55. 


;— 0-40] 

— I*IO] 




15 50 


4-0-05 


21 30 


-0-75 




L13 15J 


[-0-05] 


3 


5 15 


4-1*60 


12 45 


— 0-45 


28 


2 45 


4-0-85 


9 45 


• —0-50 




17 00 
5 50 


0-00 


22 15 


o-8o 




14 15 


—0-15 


19 20 
10 40 


— I'lO 


4 


• H-i-55 


14 20 


-0-45 


29 


3 10 


4-1-40 


—0-65 




17 40 


— 0-20 


22 30 


-0-6S 




14 50 


—0-25 


20 30 


—I -00 


5 


7 00 


4-1 50 


14 40 


— 055 


30 


; 3 45] 

[15 30] 


j-hi*5o] 
'-I- 0-05] 


L" «s] 


[ 0-45] 




18 30 


—0-05 


23 00 


—0-50 




21 00 


—0-15 


6 


8 cx) 


4-1-40 






31 


4 25 


+ 1-55 


II 50 


—0-25 




19 50 


4-0-05. 


14 30 


— 0-60 




16 15 


-I-0-35 


21 30 


—0-50 


7 


8 30 


+1-30 


50 


— 0-35 


1892. 












20 40 


-ho-20 


15 30 


—0-50 


Jan. I 


5 15 


-h2'IO 


12 30 


— 0-90 


8 


8 30 


--I-20 


2 20 


—O-IO 




16 30 


—0-30 


22 10 


-I-I5 




23 30 


+0-35 


16 40 


— o-6o 


2 


5 50 


4-1-40 


13 00 


—0-85 














17 50 


— 0-25 


22 40 


— i-oo 
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High and low water, Honolulu, Hawaiian Inlands — Continued. 



Date. 


High 


water. 


Low 

Cor- 
rected 
time. 


water. 

Reduced 
height. 


Date. 
1892. 


High water. 


Low 


water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 

Feet. 


Cor- 
rected 
time. 


Reduced 
height. 

Feet. 


1892. 


//. M. 


Feet. 


/i. m. 


Feet. 


//. m. 


h. m. 


Jan- 3 


6 30 


4-I-20 


13 50 


— I'OO 


Jan. 28 


3 30 


+ >-35 


II 00 


—075 




1845 


— 0-20 


23 40 


o-8o 




15 40 


—0-25 


20 45 


-I-15 


4 


7 00 


4-i*oo 


14 00 


— 0-90 


29 


4 30 


+ 1-50 


II 30 


o-8o 




20 00 


— o-io 









16 15 


— 0-20 


21 30 


-1-30 


5 


7 50 


-i^o-8o 


10 


—0-50 


30 


4 30 


+ 1*40 


" 35 


o-8o 




21 30 


-fo-io 


15 10 


-080 




16 50 


-j-o-io 


22 00 


-0-95 


6 


8 30 


+0-65 


2 15 


—01 5 


31 


5 10 


+ 1*40 


12 30 


^0-85 




23 20 


— o-6o 


15 50 


-075 




17 50 


--0-I0 


23 00 


—0-85 


7 


8 30 


4-0-55 


4 30 


-|-o-io 


Feb. I 


5 50 


-f-I-30 


12 55 


o-8o 




20 




16 00 
6 50 


—0-65 

o-oo 




18 30 
6 40 


+0-25 

-j-i-oo 


23 30 


—0-75 
0-85 


8 


-}-i-oo 


2 


13 20 




10 00 


-(-0-30 


16 30 


—070 




19 30 


-}-o-5o 






9 


30 


+ 1-35 


8 15 


— 0-05 


3 


7 15 


-|-o-6o 


30 


—0-30 




II 20 


-|-o-o5 


17 20 


— 0*90 




20 30 


-f-o-6o 


13 30 


— 0-90 


10 


I 30 


+ 1*35 


9 45 


—0-40 


4 


7 50 


+0-35 


2 00 


o-oo 




12 15 


—015 


18 40 


— 095 




22 00 


-fo-65 


14 10 


-0-85 


II 


2 10 


-|-i-40 


10 00 


- 065 


5 


9 30 


o-oo 


6 10 


— 0-05 




14 IS 


—0-30 


18 40 


— 1-05 




23 30 


+0-85 


15 00 


— 0*70 


12 


2 55 


f 1-50 


II 30 


-070 


6 


9 00 


— 0-15 


7 00 


— O-IO 




15 00 
3 45 


— 0-25 
4-170 


20 00 
II 00 


—1-05 




20 


. — _ ._. 


15 30 


-075 


13 


—0-50 


7 


-j-i-oo 


8 30 


— 0-45 




15 45 


-l-o-io 


21 10 


-o-8o 




II 30 


—0-30 


16 20 


-0-75 


14 


4 10 


4- 1 '60 


12 00 


-0-50 


8 


I 20 


--I-25 


845 


—0-50 




16 15 


-fo-15 


21 40 


— o-8o 




13 00 


0-35 


18 30 


-0-85 


15 


4 40 


+ 1*50 


12 45 


—070 


9 


I 50 


-f 1-20 


9 15 


—0-70 




17 30 


o-oo 


22 10 


080 




14 00 


—0-25 


19 20 


—I -00 


16 


5 30 


+1-30 


13 00 


— 070 


10 


2 15 


+ 1-15 


10 10 


—0-70 




18 30 


+0-05 


23 30 


—075 




14 40 


—0-25 


20 00 


— I-IO 


17 


6 15 


-l-i-io 


13 15 


-075 


II 


3 30 


-fi-25 


10 40 


— 0-90 




18 25 


-fo-25 


23 55 
13 40 


— 0-40 




15 45 
3 50 


— 0-20 


20 50 


-115 

— 0-90 


18 


6 30 


-|-i-io- 


— 070 


12 


+ 1-10 


II 00 




19 30 


4-0-20 




* . . . « • 




15 50 


— 0-20 


21 30 


—1-30 


19 


7 20 


-fo-85 


00 


—0-30 


13 


4 20 


-(-I-OO 


II 30 


—0-95 




20 30 


-)-0-20 


14 20 


— o*6o 




16 40 


— O-IO 


21 30 


— I-oo 


20 


7 50 


-}-o7o 


I 30 


o-oo 


14 


4 45 


-fi-oo 


II 50 


0-85 




23 15 


+0-25 


15 00 


—0-65 




17 3^ 


+0-15 


22 10 


—0-70 


21 


8 10 


-fO-20 


4 00 


—0-15 


15 


5 20 


+0-90 


12 15 


-0-70 




23 15 


+0-55 


14 50 


—075 




18 00 


-i-O-30 


23 30 


—0-50 


22 


.9 20 


-}-o-io 


6 00 


o-oo 


16 


6 20 


-hO-65 


13 20 


-075 






-[-0-65 


1550 
6 40 


—0-70 
—0-25 




19 00 
6 00 


-(-0-40 




— 0-40 


23 


20 


17 


+0-55 


10 




9 45 


-015 


16 30 


0-80 


• 


19 45 


4-0-40 


13 15 


0-80 


24 


I 10 


+080 


8 00 


-0'35 


18 


6 40 


4-0-20 


I 30 


—0-30 




II 45 


—0-30 


17 40 


— 0-95 




20 50 


+o'35 


14 00 


—0*70 


25 


I 30 


-j-o-go. 


9 15 


.-0-55 1 


19 


6 30 


0-00 


2 30 


— 0-20 




13 00 


— 045 


18 10 


— i-oo 




21 20 


+0-50 


14 00 


-075 


26 


2 15 


-}-IlO 


10 00 


-0-65 , 


20 


8 50 


— 0-20 


5 40 


— 0-20 




13 40 


— 0-40 


19 00 


—1-05 




23 00 


-fo-55 


14 40 


—075 


27 


2 40 


-}-I-20 


9 40 


-0-75 


21 


. 9 40. 


[—0-30 


40 


r 0-30] 

[-0-80] 




15 00 


-035 


19 30 


-I 05 




[23 35] 


[+0-65] 


[15 35] 
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High and low water, Honolulu, Hawaiian /aZand^— Continued. 



Date. 


High 


water. 


Low water. 


Date. 


High 


water. 


Low water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 

Feet. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


1892. 


h. tn. 


Feet. 


h. m. 


1892. 


//. Vi. 


Feet. 


h. tn. 


Feet. 


Feb. 22 


10 30 


-0-45 


[805] 


— 0-50 


Mar. 1 8 


7 00 


— 0-20 


3 00 


— 0-40 








16 30 


— 0-90 




19 50 


-|-o-6o 


12 00 


— 0-70 


23 


00 


4-075 


9 30 


—075 


19 


7 25 


— 0-40 


3 55 


— 0-35 




13 30 


— o"6o 


18 10 


—0-85 




21 10 


40-65 


12 30 


0-80 


24 


I 20 


-fo-95 


9 45 


-0-85 


20 


9 50 


-055 


6 30 


— o-6o 




13 45 


—0-50 


18 30 


— I -00 




22 15 


4-0-65 


13 10 


— 070 


25 


2 30 


-J-I*IO 


10 30 


—0-85 


21 


10 10 


-0-45 


7 00 


— o-6o 




14 40 


—0-30 


19 45 


— i-oo 




23 30 


+075 


14 00 


—0-65 


26 


2 45 


-|-I-20 


10 30 


— 0-90 


22 


II 30 


— 0-40 


8 00 


— 0-70 




15 30 
3 39 


— 0-15 
+ 1-30 


20 45 


— I-oo 




10 




17 00 

8 40 


—0-65 


27 


II 00 


—0-85 


23 


40-90 


— 0-60 




15 50 


o-cx> 


21 30 


— I-oo 




12 00 


— 0-20 


16 50 


—0-70 


28 


4 30 


+ 1-25 


II 20 


— 0-95 


24 


40 


41-15 


8 00 


— 0-70 




16 30 


+0-.I5 


22 00 


— 095 




13 40 


—0-05 


18 25 


—0-65 


29 


4 45 


-J-0-90 


II 20 


— I-oo 


25 


I 30 


4 I "20 


8 30 


—0-70 




17 30 


-}-o-40 


22 45 


0-80 




14 15 


40-20 


19 50 


—0-65 


Mar. I 


5 10 


+065 


12 00 


— 1-05 


26 


2 25 


-fl.25 


9 30 


—0-70 




18 20 


+0-55 


23 45 


—0-55 




15 00 


+045 


20 20 


— o-6o 


2 


5 10 


-}-o-40 


12 00 


— i-io 


27 


2 40 


41-10 


9 45 


—0-75 




1845 
5 40 


-|-o-6o 


- — — — 






15 30 

3 15 


40-65 

. 4-0-90 


21 15 
10 15 


— 0-60 


3 


-fo-os 


I 00 


— 045 


28 


—0-75 




20 45 


-fo-65 


12 30 


—1-05 




16 15 


40-80 


22 45 


— 0-50 


4 


6 00 


—0-25 


3 30 


-0'35 


29 


3 50 


-40-50 


10 30 


0-85 




21 00 


-|-o-6o 


13 00 


— I-oo 




17 00 


40-90 


23 15 


—0-50 


5 


9 30 


— 0-40 


7 00 


— 0-50 


30 


5 10 


+0-40 


11 00 


-0-85 




22 50 


+o-8o 


14 00 


—0-85 




18 00 


41-10 






6 


10 30 


—0-50 


7 30 


— 0-55 


31 


5 15 


O'OO 


I 30 


— 0-40 




23 50 


+085 


15 40 


— o-8o 




19 00 


4-1. 10 


II 30 


— 0-90 


7 






• 7 30 


-0-75 


Apr. I 


6 40 


— 0-20 


3 15 


— 0-40 




12 20 


— 0-50 


17 00 


— 0-65 




20 30 
8 30 


+ I-05 


II 50 
4 30 


— 0-90 


8 


50 


+0-95 


8 30 


— 0-75 


2 


— 0-40 


—0-55 




13 50 


— 0-40 


18 30 


— 0-90 




21 15 


4-1-05 


13 10 


— 0-70 


9 


I 45 


-}-o-90 


9 35 


— 080 


3 


9 50 


—0-45 


6 15 


—0-60 




14 00 


—0-30 


19 15 


— 0-90 




21 50 


40-95 


13 50 


-0-55 


10 


2 20 


+0-85 


9 40 


o-8o 


4 


II 45 


— 0-40 


7 00 


-075 




14 50 


—01 5 


20 20 


— 0-90 




23 15 


4-0-90 


15 45 


— o-6o 


II 


3 10 


-|-o-90 


10 20 


—075 


5 


12 20 


—0-30 


7 30 


— 0-70 




15 30 


— o-io 


21 00 


—0-95 








17 15 


-0-55 


12 


3 45 


-I-070 


10 15 


— 0-90 


6 


15 


40-80 


8 00 


— 0-70 




15 45 
4 OS 


—0-05 


21 15 
10 30 


0-85 




13 10 


— 0-20 


18 10 


— 0-50 


13 


-}-o*6o 


— 0-90 


7 


30 


-40-65 


8 00 


—0-75 




16 30 


--0-20 


22 00 


— 0-70 




14 30 


4-0-05 


19 00 


— 0-55 


14 


5 00 


+0-45 


10 50 


—075 


8 


I 20 


4-0-65 


8 30 


— 0*70 




17 20 


4-0-25 


22 30 


—0-65 




14 30 


4-0 -20 


20 00 


— o-6o 


15 


5 30 


-I-0-20 


II 15 


o*8o 


9. 


2 10 


4-0-65 


9 00 


— 0-70 




18 10 


4-0-50 


23 50 


-0-55 




15 00 


4-0-40 


20 30 


— 0-45 


16 


5 50 


-|-o-io 


II 20 


o-8o 


10 


3 00 


+0-55 


9 30 


— o-6o 




18 00 


-I-0-50 






• 


15 15 


• 4070 


21 30 


— 0-50 


17 


5 20 


0.00 


30 


—0-40 


II 


3 30 


4-0-50 


22 15 


—075 




18 40 


-I-0-55 


II 45 


0-80 




16 00 


+075 


22 15 


—0-50 
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High and lotv watery Honolulu^ Hawaiian Islands — Contiuoed. 



Date. 
1892. 


High 


water. 


Low 

Cor- 
rected 
time. 


water. 


Date. 


High 

Cor- 
rected 
time. 


water. 

Reduced 
height. 


Low water. 


Cor- 
rected 
time. 


Reduced 
height. 


Reduced 
height. 


Cor- 
rected 
time. 


Reduced 
height. 


h. m. 


Feet. 


h. m. 


Feet. 


1892. 


h. tn. 


Feet. 


//. m. 


Feet. 


Apr. 1 2 


3 30 


+0-25 


9 35 


o-8o 


May 7 


50 


-I-0-65 


8 00 


— 0-70 




16 25 


-i-o-8o 


23 10 


— 0-45 




14 20 


-|-o*7o 


20 20 


— 0-25 


13 


4 15 


4-0-20 


10 10 


—075 


8 


I 15 


+0-50 


8 IS 


— o-6o 




16 50 


-|-o*90 








14 30 


40-80 


20 40 


—0-30 


H 


4 30 


—0-05 


40 


—0-50 


9 


2 30 


+0-40 


8 35 


—0-70 




17 25 


4-0-90 


9 45 


0-85 




15 00 


-|-i*oo 


21 45 


— 0*40 


15 


5 20 


— 0-15 


I 15 


—0-45 


10 


2 30 


4-0-20 


8 40 


0-85 




18 40 


-|-o-90 


10 20 


0-85 




15 40 


+I-I5 


23 15 


— 045 


16 


6 00 


— 0-40 


2 50 


—0-50 


II 


3 30 


--0-15 


8 50 


o-8o 




iQ 00 


+0-85 


10 00 


—0-85 




16 10 


+1-25 




— 0-50 


17 


6 30 


— 0-45 


3 30 


-0-55 


12 


3 50 


o-oo 


00 




20 00 


+075 


II 00 


— 0-70 




16 30 


+ 1-25 


9 20 


—0-85 


iS 


7 CX) 


— o-6o 


4 30 


—0-65 


13 


4 45 


— 0-15 


20 


— o-6o 




21 40 


-I-0-80 


II 00 


-0-65 




17 30 


+1-25 


9 45 


—0-90 


19 


12 00 


— 0-40 


6 30 


-0-55 


14 


5 40 


—0-30 


I 10 


— o-6o 




2Z 00 


-fo-8o 


14 30 


— 0-4S 




18 30 


-}-I-20 


10 20 


-0-85 


20 


13 00 


— 025 


7 00 


— o-6o 


15 


6 00 


—0-30 


2 30 


— o-6o 




23 10 


-(-0-95 


16 00 


— 0-40 




18 50 


+I-I5 


10 35 


-0-75 


21 






7 00 


— o-6o 


16 


7 00 


—0-30 


3 30 


— o-6o 




12 50 


— o-io 


17 15 


— 0-50 




19 45 


-fi-oo 


II 15 


— 0-70 


22 


10 


+0-85 


7 30 


— 0-70 


17 


8 00 


— 0-40 


3 30 


— 0-70 




13 45 


+025 


18 00 


—0-50 




20 45 


-f-i-oo 


II 50 


-0-55 


23 


I 00 


-|-o-90 


8 00 


— 0-70 


18 


10 45 


—0-40 


5 00 


-0-75 




13 50 


-ho -45 


19 40 


—0-50 




21 40 


+0-85 


13 00 


— o*45 


24 


I 45 


+0*85 


8 40 


—0-90 


• 19 


12 05 


— 0-15 


5 45 


— o-8o 




14 30 


+070 


20 45 


— 055 




22 20 


+075 


15 00 


—0-30 


25 


2 40 


+065 


8 50 


0-95 


20 


12 45 


+0-15 


6 00 


o-8o 




15 30 


+ 115 


21 50 


-0-55 




23 10 


+0-65 


17 30 


— 0-20 


26 


3 30 


— 035 


9 00 


—0-95 


21 


13 00 


+0'45 


6 40 


— 0-90 




16 00 

3 55 


+ 1-35 


23 30 


— 0-50 
— i-io 




23 45 


-}-o-6o 


18 50 
7 00 


—0-30 


27 


-f0-20 


9 45 


22 






— 0-95 




17 15 


+ 140 








13 55 


+0-75 


20 15 


— 035 


28 


5 00 


— O-IO 


I 00 


—0-50 


23 


40 


+0-25 


7 00 


— i-oo 




17 50 


+ 1-45 


10 10 


—I -00 




14 15 


+ I-I5 


21 00 


— 0-50 


29 


5 45 


—0-20 


I 15 


— o*6o 


24 


2 00 


-|-o-io 


8 00 


— I-IO 




18 30 


+ 1-40 


10 50 


—0-90 




14 50 


+1-40 


22 25 


— o*6o 


30 


30 


—0-30 


2 30 


—0-65 


25 


2 45 


— 0-05 


8 30 


— i-io 




19 30 


+ 1-30 


II 40 


—075 




15 30 


+1-40 


[23 35] 


[-070] 


May I 


7 00 


— 0-40 


3 30 


— o-6o i 


26 


[ 3 35. 


[ — 0-20] 


9 10 


— I -20 




20 CX) 

10 00 


+ 1-10 


II 25 


— 0-60 
— 0-65 




16 15 


-f-i-5o 


45 


o-8o 


2 


— 0-45 


6 30 


27 


4 30 


0*40 




21 40 


-|-I'00 


14 30 


— 035 1 




17 25 


+ 1-50 


9 45 


— i-io 


3 


II 15 


— 0-25 


6 15 


—0-65 


28 


5 30 


—0-50 


I 45 


-0-85 




22 50 


+105 


14 30 


— 0-20 




18 30 


+ 1-45 


10 30 . 


— 0-90 


4 


12 30 


-j-o-io 


7 00 


—0-70 


29 


7 00 


—0-40 


2 30 


— 0-70 




23 20 


-fo-85 


17 20 


— 0-25 




19 30 


-|-I'20 


II 10 


0-80 


5 






. 7 15 


— 070 


30 


7 40 


— 0-40 


3 30 


0-85 




13 30 


+0-40 


20 00 


—0-30 




20 00 


-|-i-oo 


II 45 


— o-6o 


6 


15 


4075 


7 30 


0-80 


31 


9 20 


—0-30 


4 15 


0-80 




13 45 


-I-0-50 


19 30 


—0-25 


* 


21 00 


+0-85 


12 30 


—0-50 
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High and low ivateVj Honolulu, Hawaiian Islands — Continued. 



Date. 


High 


water. 


Low water. 


Date. 


High 


water. 


Low water. 


Cor- 
rected 
time. 


Reduced 
height. 


Cor- 

rected 

time. 

A. m. 


Reduced 
height. 

Feet, 


Cor- 
rected 
time. 


Reduced 
height. 

Feet. 


Cor- 
rected 
time. 


Reduced 
height. 


1892. 


Feet. 


1892. 


/i. m. 


//. in. 


Feet. 


June I 


II 30 


—015 


5 00 


-075 


June 16 


10 45 


—015 


3 50 


— 0*90 




22 00 


4-0*70 


13 50 


—0-30 




22 00 


-o*8o 


13 30 


— 0*40 


2 


12 05 


-010 


5 25 


o*8o 


17 


" '5 


-0*05 


4 30 


— l*oo 




23 10 


:+o-55: 


[15 40] 
L 6 10] 


0*25 




22 00 


-fo-6o 


15 40 


—0*25 


3 


12 40 


-fo-40 


o-8o- 


18 


II 30 


-t-o*40 


5 00 


— 1*00 








17 35 


— 0-20 




22 30 


4-0*30 


17 40 


— 0*25 


4 


20 


+040 


7 00 


080 


19 


12 40 


-l-o*8o 


5 15 


— 1*10 




13 CX) 


+0-55 


18 40 


-035 




23 50 


4-005 


18 50 


—0*30 


5 


30 


+0*15 


6 30 


— 0-90 


20 


.... 




6 00 


— i-io 




r^ .-^o 


4-0*70 


20 00 


— 0-40 


1 


13 20 


4- I-oo 


20 20 
6 40 


— o*5o- 
— i-io 


6 


I 15 


o-oo 


7 00 


— 1*05 


21 


30 


—0*15 




14 00 


+080 


21 15 


— 0-45 




14 00 


4-1*30 


21 45 


—0-50 


7 


I 10 


—0*05 


7 30 


— 095 


22 


I 15 


—0*30 


7 30 


— 1*20 




14 30 


+0-95 


22 00 


— o*6o 




14 40 


+ 1-45 


22 30 


—0*70 


8 


I 45 


—0*30 


7 30 


— 1-05 


23 


2 30 


—0*50 


8 00 


— 1*20 




15 10 


-fiio 


22 50 


-055 




15 20 


4-1*50 


23 40 


— 0-70 


9 


2 30 


-^'3S 


8 00 


— o*95 


24 


4 00 


— 045 


8 40 


— 1*25 




15 30 


-(-I -20 


23 45^ 


— o-6o 




16 10" 


;+i'5o' 






10 


3 50 


— 0-40 


8 30 


— i-oo 


25 


. 4 40. 


— 0*40 


[0 15] 


[-070] 




16 30 


+ 1-30 








17 00 


4-1-55 


9 20 


— I-IO 


II 


4 40 


—0-40 


20 


— 060 


26 


5 20 


035 


45 


— 0-65 




16 55 


-|-I*20 


9 15 


— 1*00 




17 45 


-1-35 


10 00 


— 1*00 


12 


5 30 


— 0*50 


40 


o*8o 


27 


6 00 


— o'35 


I 10 


—0*65 




17 30 


— I OS 


-9 30 


— i-oo 




18 30 


--I-20 


II 15 


0-85 


13 


45 


— o*6o 


2 30 


080 


28 


6 45 


—0*25 


2 45 


— 0-70 




18 30 


-f-I'IO 


10 30 


— 095 




19 30 


+095 


II 35 


— 0*70 


14 


7 00 


— o*45 


2 30 


— o*75 


29 


7 30 


—0-25 


3 00 


-0*80 




19 00 


+ 1*05 


10 50 


— o*8o 




'.^9 45] 


"+o*8o' 


12 30 


-055 


15 


8 00 


— 0-35 


3 00 


- 075 


30 


: « 15: 


—0*20 


[ 345] 


— 0*90] 




20 30 


+0*80 


12 00 


— o-6o 




20 00 

• 


4-0*60 


12 40 


—0*30 
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The meaDS being taken for intervals of five clays, and these means 
being again consolidated for each successive grouj) of five, we have the 
following table : 

Relative lieights of mean sea level at Honolulu, Hawaiian Tdandtt, from June, 1891, to 

June, 1802. 



Mean date. 


Mean sea 

level 
(five days). 


Mean date. 


Mean sea 

level 

(twenty -five 

days). 


Mean date. 


Mean sea 

level 
(five days) 

Feet. 


Mean date. 


Mean sea 

level 

(twenty-five 

days). 


189I. 


Feel. 


1 891. 


Feet. 


1891-92. 


1891-92. 


Feet. 


June 19 


— 0-22 






Dec. 26 


— O-IO 






24 


— -42 






31 


H- -03 






29 


— -22 


June 29 


— 0-25 


Jan. 5 


— -^^4 






July 4 


— 24 






10 


— -OI 






9 


•16 






'5 


-i- 05 


Jan. IS 


— 004 


14 


•08 






20 


-j- "02 






19 


+ -13 






25 


— -22 






24 


-f -02 


July 24 


+ 03 


30 


— 10 






29 


+ -07 






Feb. 4 


•00 






Aug. 3 


•00 






9 


— 18 


Feb. 9 


— -11 


8 


•00 






14 


•16 






13 


-f- '07 






19 


— 12 






18 


H- -14 


Aug. 18 


+ 19 


24 


- 32 






23 


+ -36 






29 


— 15 






28 


4- 40 






Mar. 5 


•28 


Mar. 5 


— -24 


Sept. 2 


+ 40 






10 


•26 






7 


-f -33 






'5 


•19 


, 




12 


-f -40 


Sept. 12 


-f- -38 


20 


— 27 






17 


+ -34 






25 


•00 






22 


+ '44 






30 


— 01 


Mar. 30 


— -11 


27 


+ -36 






Apr. 4 


— -20 






Oct. 2 


4- 26 






9 


- 05 






7 


+ -28 


Oct. 7 


+ -25 


14 


— 12 






12 


-f -17 






19 


— -20 






17 


+ -18 






24 


- 04 


Apr. 24 


— -09 


22 


+ -22 






29 


— -08 






27 


+ -14 






May 4 


'02 






Nov. I 


+ -18 


Nov. I 


-(- -21 


9 


1 06 






6 


+ -18 






14 


— 10 






II 


4- -32 






19 


- -11 


May 19 


•08 


16 


+ -13 






24 


— -06 






21 


+ -14 






29 


— -20 






26 


-- -22 


Nov. 26 


-h -15 


June 3 


— -09 






Dec. I 


-1- -12 






8 


— 19 




■ 


6 


4- '12 






13 


— -26 


June 13 


— 17 


II 


-(- -20 






18 


— 12 






16 


4- -OI 






23 


— -20 






21 


+ -OS 


Dec. 21 


+ 04 
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These values are plotted in the accompanying illustration. 
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576 U. S. COAST AND GEODETIC SURVEY. 

Magnetic, Gravity, and Latitude Observations in connec- 
tion WITH the Expedition to the Summit of Mauna Kea, 

AND AT SOME SUBSEQUENT STATIONS. 

Ill June, 1892, the latitude determinations were discontinued at Wai- 
kiki, and Honolulu was occupied for magnetic and gravity observations. 
The magnetic work already done at Waikiki and Kahukii is, for con- 
venience of reference, also given in what follows. 

DESCRIPTION OF MAGNETIC INSTRUMENTS. 

The theodolite magnetometer is the same as the one taken to Africa 
in 1889-"'90. It is designated as Ko. 11, United States Coast and Geo- 
detic Survey, and was remodeled and improved at the office in July, 
1887. The' telescope has an aperture of 2*^'". The horizontal and verti- 
cal circles are each 10^'" in diameter. The graduation is from left to 
right, and angles may be read to single minutes by means of two oppo- 
site verniers. The dimensions of the magnets are: 

*N ill length = 7-l«™, diameter = 0-8«™ 
N Sn " =5-8 " =0-8 

The ring used in determining the moment of mass of the intensity 
magnet {J^Ln) had the following dimensions (C. S. Schott, October 31, 
1889) : 

r = inner radius = 1*4749®'" 
ri=: outer " = 1-8906 
w = weight = 19*48940 grams 

from which 

Mo = J (r^ + ri') ic = 56-0291 
at I60.7 G. or 62O-0 F. 
Moment of mass at temperature t = Mi 

Ml = Mo[l + 2e(t-- Q] 

where e = coefficient of expansion for 1° C. = 0-000019 and 

log Ml = 1-74841 + 0-0000165 {t - 16o-7) 

The value of 1 division of scale of long magnet {N Ln) was deter- 
mined five times during the season, giving a mean result of 3''68. This, 
combined with the African value, 3'-72, gives a value of 3'-70, which is 
adopted in the reduction of the observations. Increasing scale read- 
ings correspond to decreasing circle readings. 

The moment of mass of the long magnet (N' Ln) determined at 
Washington by Mr. Braid is 95-748 ± 0094 (C. G. S. units). This value, 
however, includes the moment of the small balancing ring {K). (See 
Appendix No. 12, Report 1890.) Deducting this we have for the 

*N Lii designates new long magnet of No. 11. 
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moment of mass to be used in the work of 1891-'02 a value of y4'303 
at a temperature of IG^'l C. 

log M at temperature t = 1-97453 + 0-0000106 {t — lOo.?) 

Temperature coefficient (q) of iV^Xn = 0-00108 for lo F. and 0-00194 
for lo 0. 

Induction factor {h) in O. G. S. units = 0-0457 i 0-0006 (O. S. Scbott, 
December 6, 1890). 

Induction coefficient// (= mh) (C. G. S. units) = 6-54 i 0-08at62o F. 

To correct oscillations for induction 

to log T2 add log (1 + h R) 
To correct deflections for induction • 

to log ^!^ add \og('l + ^\= 0-00020 for r = 30-54«'" 

= 0-00006 for r = 45-78^'" 
First distribution coefficient of N Lu = P = — 4 i 4 (C. G. S. units). 

For short deflecting distance (r = 30-54'"') log Tl— i' ) = 0-00182 

'• long " *' (r = 45-78'"0 '' '- =0-00082 

Reduction of magnetic moment (m) of intensity magnet (N' Ln) to 
160-7 C. = m ia°-7 = wi [1 + {t - 160-7) x 0-00194] 

log m nj-7 = log m -)- moduliis X 0-00194 (/ — i6°7) = log ;« -j- 0-00084 (^ — '6°.7) 
S. Ex. 19, pt. 2 37 
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Values of magnetic moment (m) at 16P-7 C. of long magnet {N Xn), showing loss of 

magnetism. 

[Observer: E. J). Preston.] 







Magnetic 




Station. 


Date. 


moment at 
i6°-7 C. 


No. of 

SJtS. 


• 


188973 


(C.G.S. units). 




Washington 


1433 


3 


Azores Islands 


•«3 


140-4 


2 


Cape Verde Islands 


•86 


140-7 


I 


Africa : 








Sierra Leone 


•88 


134-3 


I 


Gold Coast 


•91 


128-9 


2 


Loanda 


•96 


129-4 


3 


Cabiri 


•97 


135-0 


2 


Cape Town 


1890-07 


134-2 


5 


St. Helena, Jamestown 


•15 


133-9 


2 


" * ' Longwood 


•17 


, 133-7 


3 


Ascension Island, Georgetown 


•22 


^33'^ 


3 


** ** Green Mountain 


'33 


133-7 


3 


Barbados 


'33 


i33'3 


3 


Bermuda 


•39 


131-9 


3 


Hawaiian Islands, Polynesia : 








Waikiki 


1891-62 


129-6 


3 


Kahuku 


•90 


128-8 


3 


Honolulu 


1892-42 


127-9 


3 


Kawaihae 


•50 


128-5 


3 


Waimea 


•52 


128-0 


I 


(( 


•53 


128-8 


2 


Kalaieha 


•54 


128-3 


2 


Waiau 


•56 


123-6 


2 


Hilo 


•58 


127^1 


3 


Napoopoo 


-64 


1247 


3 


Lahaina 


•65 


1250 


3 


Waimea A 


•67 


1250 


2 


«* B 


•68 


124^0 


3 


Nonopapa 


•70 


125-4 


I 
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Summary of time and azimuth results in connection with magnetic observations. 



Station. 


Date. 


Epoch. 


Correction 
to chro- 


Adopted 
daily 


Position of mark. 


Adopted position 
of mark. 






//. m. 


nometer.* 


rate'.t 




\.r A M^ M •* M •» • 




i89i-'92. 


m. s. 




/ 


/ 


Waikiki 


Aug. lo 


8 23 p. m. 


— 8 10-9 










II 


8 19 


8 27-6 


— 17 








13 


8 12 


— 9 2-2 










15 
^5 


8 00 a. m. 
5 30 p. m. 






N. I 5SO E. 
N. I 5i-4E. 


N. I 522 E. 


Kahuku 


Nov. 25 

25 
27 


9 00 a. m. 
3 00 p. m. 
9 30 a. m. 


- I 54 

- 3 37 


-58 


S. 65 8-8 W. 
S. 65 6-4 W. 


S. 65 7-6 W. 


Honolulu J 


June 10 


9 00 


+ 37 


4- 2 


N. 55 200 E. 


N. 55 20-0 E. 


Kawaihae 


30 

July 3 


5 00 p. m. 
5 00 


+ 4 03 
4- 3 33 


— 10 


S. 25 27 E. 
S. 25 I-8E. 


S. 25 2-2 E. 


Waimea 


9 


9 30 a. m. 


— 26 




S. 81 402 E. 






9 


4 30 P- n^- 


— 42 


—17 


S. 81.51-4 E. 


S. 81 503 E. 




II. 


9 30 a. m. 


— 65 




S. 81 583 E. 




Kalaieha 


14 


8 40 


4- 3 50 




N. 63 477 W. 






IS 


8 40 


4- 3 33 


18 


N. 63 546 W. 


N. 63 483 W. 




15 


8 40 p. m. 


+ 3 25 




N. 63 45-3 W. 




Waiau 

1 


21 
21 


10 20 a. m. 
4 30 p. m. 


4- 3 54 
4- 3 47 


—27 


N. 22 80 W. 
N. 22 32 W. 


N. 22 56 W. 


Hilo§ 


30 


7 50 a. m. 


-f 18 28 


4-20 
-56 

I 


N. 72 41 -o E. 






31 
Aug. I 


9 40 
9 20 


f 18 50 

+ 17 46 


N. 72 431 E. 
N. 72 49 7 E. 


N. 72 37 -6 E. 




I 


3 30 P- m- 


Fi7 45 


1 
• 


N. 72 308 E. 


- 


Napoopoo 


17 


4 30 


- 5 48 


18 


N. 78 187 W. 






19 


9 10 a. m. 


6 18 


N.78 146 W. 


N. 78 227 W. 




20 


2 45 p. m. 


— 6 45 


22 


N. 78 28-8 W. 




Lahaina 


23 


9 30 a. m. 


-f- 10 




S. 51-4 E. 






24 


9 00 


[ 041] 


—24 


S. I 5-3 E. 


S. I 004 E. 




25 


9 20 


- 38 




S. I 45 E. 




Waimea A 


Sept. 2 
3 


8 30 
8 20 


-f- 09 
— 09 


— 18 


S. 39 37-2 W. 
S. 39 44-2 W. 


S. 39 407 W. 


Waimea B 


5 


8 25 


— I 02 


T « 


S. 74 35 -3 K. 






6 


825 


I 16 


»4 
— 22 


S. 74 26 -5 E. 


S. 74 33-8 E. 




7 


8 10 


- I 38 


S. 74 39-6 E. 




, Nonopapa 


9 


8 50 


— 4 42 


18 


N. 4 136 W. 


N. 4 13-6 W. 



* Bond chronometer No. 177. 
^-h = losing ; — = gaining. 

t At Honolulu chronometer Gowland, 3280, belonging to the Government Survey, was used. The 
azimuth was also furnished by Mr. ('. J. Lyons, of that service. 
^At Hilo watch No. 7583 was used. 

MAGNETIC OBSERVATIONS AT WAIKIKI. 

These observations were made on August 11, 12, and 13, 1891. As it 
was necessary to continue the time, latitude, and gravity determinations 
throughout the year, an epoch was chosen for the magnetic work which 
would least interfere with the regular observations. Accordingly, about 
the middle of August, just before changing the groups of stars then 
being observed for latitude, the magnetic work was undertaken. This 
implied almost continual observation and computation from 6.30 a. m. 
to 11 p. m., and involved the determination of the magnetic declina- 
tion, dip, and horizontal intensity, with three sets of observations for 
time and azimuth with the theodolite magnetometer, besides the regu- 
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lar work with the pendulum apparatus, tlie zenith telescope, and the 
meridian instrument in the observatory. This was accomplished with- 
out any assistance either by a recorder or aid. The limit of satisfac- 
tory work was probably reached in this scheme, as a full day's magnetic 
work, followed by five hours' night observations, about exhausts an 
ordinary observer's capacity for good work. The station was situated 
near the astronomical observatory and on the property of Mr. J. F. 
Brown. The sketch on page 581 gives the location. 

Abstract of results j JVaikiki, Hawaiian Islands. 

DIP. 



Dat. 



1S9I. 
Aug. 1 1 
12 

13 



Needle No. I. 



N. 



40 08 
20 



S. 



39 29 
28 
28 



Mean. 



39 48 
54 





Needle No. 


2. 


N. 


S. 


Mean. 


/ 


/ 


/ 


39 51 

40 10 

39 50 


40 02 
01 
06 


39 56 

40 06 

39 58 



DECLINATION, DIP, AND INTENSITY. 




Horizontal 
intensity 



Dynes. 
0-2979 
0-2971 
02992 



Magnetic 

moment of 

magnet. 



1 29 -8 
129-6 
129-4 



MAGNETIC OBSERVATIONS AT KAHUKU, OAHU. 

Taking advantage of an interval of one week in November, when my 
colleague on the international latitude work was necessarily absent 
from Waikiki, a set of magnetic determinations was made at the 
extreme north end of Oahu. Accompanied by Prof. W. D. Alexander, 
I left Waikiki on the morning of November 24, taking the steam cars 
from Honolulu to Ewa and riding from Ewa to Kahuku, a distance 
of 30 miles. We arrived at Kahuku late in the evening. Observa- 
tions were begun early next morning and continued until about 1.30 
p. m. on the 27th, when we started for Honolulu by way of the Pali. 
Stopping over night at Kualoa, Waikiki was reached the following 
afternoon and the observatory work was immediately resumed. Less 
than f^y^ days' absence were necessary for three full days' work at a 
station 40 miles from home, the distance being made both ways on 
horseback over a difficult road. The station occujiied was situated in 
the front yard of the Kahuku ranch cottage. The cottage is about 
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[The diagrams hereafter given are uot generally drawn to scale, being inserted simply to aid in rees- 
tablishing the position of the station in case it is desirable to repeat the observations at some future 

time.] 



McckMi Ridjge 



McricUarv 



Mark 



f I 



Sketofv oF Mcognjs^dc StoUbuorc cUb / 

WojikjikLJScLwoduucjLrt Ids. I 

fru>t cLroLTyrv to sccUe) I 



I 



/ 



/ 
/ 



/ 






/ 



I 



/ 



/ 









/ 



/ 






Jir_ Astrorv, Obsy ^ 






LC7 



/ 



G 



\ 



\ 



/ ^ 



V 



/ 



/ 



/ 



> 



^ / 



/ 






p 



/ 



/ 









/ 



1/ / \ 

Mcugirvetix: St/OL. (^ l 



J art 
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tbree-fifths of a mile south and about one-third of a mile west of the 
trigonometrical station on the extreme north point of the island. The 
astronomical latitude of this station was determined in 1887. 
The following sketch gives the relative positions: 



Kahuku, Triaorvomjtiri/: Sicl. 



ShetcK of KaJvuhuu, McLgn^Ujc StoUtiort 

PosUion, or Trigortom^. Stou. 

LaJb. (Geodbetuc)! ZVJ^Z'IS^Z 

Lon^. ,, - 25T5S'53':8 



Ma^Ojetorrieter 




^loLjq pole 



"j^- 






WOO ft. 



1 



HoiLse 



Abstract of results f Kahuku, Oahu. 
DIP. 



Date. 


Needle No. i 


■ 


Needle No. 


2. • 


N. 


S. 


Mean. 


N. 


S. 
/ 


Mean. 


1891. 


/ 


/ 


/ 


• / 


/ 


Nov. 25 


42 01 


41 01 


41 31 


41 .34 


41 20 


41 27 


26 


41 34 


05 


20 


26 


28 


27 


27 


41 


07 


24 


12 


38 


25 
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DECLINATION, DIP, AND INTENSITY. 
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Date. 


Scale read- 
ings of axis. 


Declination 
(east). 


Mean dip. 


Horizontal 
intensity. 


Magnetic 

moment of 

magnet. 


1891. 
Nov. 25 
26 

27 


d. 
29-34 


/ 

10 16-4 
13-0 

147 


/ 
41 29-0 
235 

24 'S 


Dynes. 
0-2932 

31 

44 


129-3 
128-6 
128-4 



OBSERVATIONS AT HONOLULU. 

Gravity — Description of station. — The receiver was mounted on the 
window sill of the second story south room of the Kapuaiwa building, 
occupied by the Government Survey. Time observations were made 
in the observatory near by, and the chronometer used in noting the 
pendulum coincidences was connected with the chronograph so as to 
be used for the star observations in the evening. The oscillations were 
made generally in the daytime, as it was necessary for me to devote 
the evenings to either time observations at Honolulu or latitude obser- 
vations at Waikiki, and, indeed, sometimes to both on the same night. 
The gravity determinations heretofore made at Honolulu were in 1883 
and 1887. At the first-named time the station occupied was the cellar 
of the Young Men's Christian Association building, on the corner of 
Hotel and Alakea streets, and the instrument used was a pendulum 
of the reversible type (No. 3), measuring 1 yard between the knives 
In 1887 the Kapuaiwa building was occupied, and the pendulums were 
hung from an iron bracket embedded in the wall in the first story of the 
building. The determinations in this case were made with two pen- 
dulums, of which one was (E"o. 3) cited above, and the other (No. 4) of 
the same pattern, but having a distance of 1 metre between the knives. 
The small pendulums employed in 1891-'92 were therefore oscillated 
at Honolulu not only to connect the long series of observations made at 
Waikiki with a permanent station, but also to have an additional check 
on the work that was soon to follow on the Island of Hawaii. More- 
over, the permanent station in Honolulu would thus be qonnected with 
our continental stations by means of a new form of instrument, which 
would materially strengthen the result. 

The following are the pendulum observations and reductions. The 
mean of the direct and reverse results are combined with equal weights, 
irrespective of the number of individual observations in each position: 
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Pendulum observations. Honolulu, Hawaiian Islands. 
[Observers: E. P. Preston, W. E. Wall.] 











Pendu- 
lum. 


Posi- 
tion. 


Swin^. 


Date. 








1892. 


B, 


D 


I 


June 23 






2 


24 




R 


3 


24 






4 


24 






5 


24 




R 


6 


24 






7 


24 


Ih 


D 


8 


25 




R 


9 


25 






10 


25 


B3 


I) 


II 


25 






12 


25 






13 


25 






14 


25 



No. of 
coin- 
cidence 
inter- 
vals. 



10 

14 
12 

16 

12 

10 

10 

6 

4 
4 

6 
8 
6 
6 



Time of 


Sem 


i-arc. 


Tem- 


Manom- 
eter. 


Barom- 
eter. 


Pres- 


ten coin- 
cidence in 






pera- 


sure at 
o°C. 


tervals. 


Initial. 


Final. 


ture. 






Seconds. 


mm. 


mm. 


° c. 


mm. 


mm. 


mm. 


2263 


4-8 


34 


25-93 


73*4 


767*0 


630 


2254-3 


4-9 


1*4 


28-52 


1 19-4 


766-2 


583 


22608 


4-8 


3*5 


28-40 


214-6 


765-8 


497 


2263-1 


4-7 


3-2 


28-25 


229-0 


765-5 


485 


2262-5 


4-7 


3*5 


27-90 


221 -o 


765-3 


492 


2266-5 


4-8 


3*9 


26 64 


200 -o 


766-0 


514 


2267-5 


4-8 


3*9 


26-34 


189-0 


766-4 


525 


2437-5 


5-0 


4*2 


2860 


166-8 


766-0 


540 


2441 -2 


5-0 


4-4 


28-80 


1 60 -6 


765-9 


546 


24388 


5-0 


4-2 


28-85 


161 "O 


765-9 


545 


2614-2 


4-6 


3-8 


26-28 


97-4 


765-6 


608 


2613. 1 


4-8 


3-7 


25 -93 


88-2 


766-0 


617 


2617-5 


47 


4-0 


25-48 


82-0 


766-4 


624 


2615-8 


4-8 


4-1 


25-22 


65-2 


766-4 


640 
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Mediiction of pendulum observations y Honolulu j Hawaiian Islands. 
[Periods reduced to temperature, 15° C. ; pressure, 500"»" at 0° C. ; arc lufinitely small; sidereal time.] 



Period uncorrecte<l. 


Corrections (in seventh decimal plj 


ice). 


Period corrected. 












Arc. 


Temperature. 


Pressure. 


Rate. 




Seconds. 










Seconds. 


0-501 1072 


—59 


—453 


— 103 


+326 


0-501 0783 


II15 


31 


561 


-65 


+326 


784 


1083 


-61 


-556 


+ 2 


— 326 


794 


107 1 


-55 


549 


+ 12 


— 326 


805 


1074 


-59 


-535 


-f 06 


—326 


812 


1055 


-67 


-483 


— II 


+326 


820 


1050 


-67 


—471 


— 20 


+326 


818 


0-501 0797 


0-501 0277 


—75 


—564 


— 31 


+326 


0500 9933 


0262 


-78 


-573 


-36 


+326 


901 


0272 


—75 


-575 


- 36 


-J-326 


912 


0-500 9920 


0-500 9582 


—62 


—467 


-85 


349 


0500 9317 


9585 


-64 


-453 


— 92 


+ 349 


325 


9569 


--67 


—434 


-98 


+349 


319 


9575 

• 


—70 


—424 


— no 


+349 


320 


0*500 9320 
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MAGNETIC OBSEKVATIONS AT HONOLULU. 



The Station was located in the public yard near the Government 
building. The magnetouieti^T was set up in range with the northeast 
side of the Kapuaiwa building, and at a point which would give a clear 
line of sight past the Government building to the trigonometric station 
(Puowaina) on Punch Bowl hill. The dip circle was placed under the 
shade of the banyan tree, a few paces distant. Time and azimuth 
observations were not necessary at this station, as the standard clock 

Ac 

r 

I 

I 

Sketx:h. oPHonobjJjuu Staiwns 

6 « • m Dip Cir^cLe 

C =: « • PuoTvcdnjOy Tni^oaoTth. StoL, 

cL = m m Astroro. Obsy. 

e = M m P^rodbudjum^ AppKxroUtws 







Q<1 



^v;. OS f^.. l^uxxln^ Bld^ . 




of the Survey office was kept rated for the regular time service, and 
the direction from the magnetic station to the trigonometric point on 
Punch Bowl was accurately known from the Government triauga- 
lation. The azimuth of the line magnetic station - Punch Bowl, as 
furnished by Mr. C. J. Lyons, in charge of the Survey office, is north 
550 20'-0 east. 
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-{J- L i^hJL Houjse 
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MAGNETIC OBSERVATIONS. 

Abstract of results j Honolulu j Hawaiian Islands. 

DIP. 




DECLINATION, DIP, AND INTENSITY. 



Date. 



1892. 
June 2 

3 
4 



Scale read- 
ing of axis. 



29-12 
29-00 



Declination 
(east). 



o 
10 



14-7 
17-4 
167 



Mean dip. 



Horizontal 
intensity. 



o 
40 



42-0 
37-0 

47-5 



Dynes. 
02954 

47 
51 



Magnetic 
moment. 



127-9 

•9 
•9 



GRAVITY OBSERVATIONS. 



Pendulum periods 
(Sidereal seconds) 



8. 



Bx = 0-5010797 
B2 = 0-5009920 
B2 = 0-5009320 



KAWAIHAE. 

Island of Hawaii. 

Leaving Honolulu in the afternoon of June 28, on board the KinaUj 
we arrived at Kawaihae on the evening of the 29th. The party con- 
sisted of Prof. W. D. Alexander, surveyor- general; Messrs. W. E. Wall, 
W. W. Chamberlain, Louis Koch, and myself. The first observations 
were made on the 30th. The work at this station consisted of gravity, 
latitude, time, and magnetic determinations. The station was situated 
on the property of the Hon. Samuel Parker, to whom, as well as to the 
general superintendent, Mr. Paul Jarrett, our thanks are due for many 
acts of kindness. The connection between the astronomical station 
and the triangulatioii of the Government survey was carefully made. 
The general location of the property is between the boat landing and 
the Heiau of Kamehameha I, and about ^one- third the distance from 
the Heiau. Hlustration 'No. 27 gives the relative positions. Illustra- 
tion No. 26 shows the triangulation station and shore line. 
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Position of latitude station at Kaicaiha^y Hawaii. 



PuuuuKcumjodLxL 



J^orOv Bttse 



V'tS' 



s: 



.SouihyBcLse 



Distance from Puu Kauialii to north base 

u (.i a a u 



z 



5377-47 ft, 
6614-39 " 
7034' 



o 



u 



// 



(leodetic L Puu Kamalii = 20 03 28-80 
'^ dL = _ 01 5-00 



" L' south base 




20 


02 


23-80 









/ 


II 


Geodetic M Puu Kamalii — 




155 


47 


27-19 


'<- dM = 


+ 





00 


09-14 



M' south base = 155 47 36-33 



Traverse, south base to Kawaihae latitude station : 

1. N 520 43' E., 100 ft. to peg* ''A" 

2. X 6 55 W., 68.7 ft. to latitude station 

Latitude station 128-77 ft. north of south base 
u u 71.21) u east '' '^ *' 
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LocoUbbyrc of KcuivaJLhxxjs StxxJtiows 

TviUt, reference to So. Base 




A a LcLtituxte pver (Mcrixiiajz, telescope) 

B sDip Circle 

C sMa^rtetorrvster 

D ^ Ruins or stone hjouuse ^JoHjtl Yoiatv^) 

/* m PendjuJUuLm, StcuUori, 
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No. 28. 



L.-.- 




— B 



C m HoUsedL PtjuJfbrm, 
D m PlaJt/hrm^, txrut PUs 
E^ Top oroutet" ivaJUL 
F» First terrace 
Ob P!a/ye<t space 
Jis Enirajhce betM^eerv trvUls 
I Si Storoe trails 
«/= OiUer slope 
Kss Second terrace 
Z>a Third „ 
M^ Slopiruf 7$'aU, 
a^.a.mLarye rfojL stones on. top 

or roujsedi plat/omv 
6. 6. a Space paved, -witKpeh- 

bhes on, t/op of raised 

pbaJt/orrn, 




ScctioTi, on. A— 3 



too feet 



PLojv oF HeiojuL oT Fwul KohoLoL 
at KoLwouUuoLe. Hayycui 
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o / // 

Latitude L south base = 20 02 23-80 
dL = + 00 1-28 



^^ jy latitude sta.= 20 02 25-08 



// 



Longitude M south base = 155 17 36-33 
dW = - 00 0-70 



'' M' latitude sta.= 155 47 35-63 

At this station are the remains of an ancient temple, famous in early 
Hawaiian history as the scene of the first steps by which all the islands 
were consolidated under one government. It was here that Kameba- 
ineha betrayed and murdered his rival, Keoua, baked his body in an 
oven as a last indignity, and finally deposited it iu the temple on the 
altar of the war god. He was henceforth recognized as the master of 
Hawaii. A sket<jh of this interesting Heiau from actual measurements 
lias been furnished by Professor Alexander and is given here as a mat-x 
ter of curiosity. [Illustration No. 28.] 

A remarkable feature of it is that although the early Hawaiians had 
no metal tools, and are to-day poor mathematical reasoners, their tem- 
ples furnish examples of quite accurate right angles. One tested with 
a thex)dolite at Napoopoo was surprisingly near the truth. 

Magnetic observations were made on July 1, 2, and 3. The pendu- 
lums were swung on the 3d, 4th, 5tli, and 6th, and time and latitude 
were observed during the entire stay. We left on the morning of the 
7th, The weather was generally favorable for work with the excep- 
tion of one or two occasions when we had sudden gusts of wind from 
the mountains.* At this point preparations were made for the ascent 
of Mauna Kea. Packers and horses were engaged and the services of 
a guide secured. The connection of the astronomical station with the 
trigonometrical survey of the island was made at tliis station as well as 
at Kalaieha and Waiau by Professor Alexander. Meteorological obser- 
vations were undertaken here in connection with those made at Hono- 
lulu and Hilo, to be used subsequently in determining the height of the 
mountain. The pendulum receiver was mounted on a large and mas- 
sive cast-iron wheel, firmly embedded in the ground. This was part of 
the machinery of an old mill and was fortunately found near the spot 
where it was desirable to use it. The tent was erected close by and 
the flash apparatus was set up inside the tent. The meridian telescope 
was also erected so near that the tent fly served as a protection during 
the day, and at night was released and thrown back while the star 
observations were in progress. The following are the results of the 
pendulum observations : 



* These storms are called inumuku in the native language, iu contradistinction to the 
Btorms from the southeast, which receive the name of koua. 
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Pendulum obaervationsy Kawaihae^ Hawaiian Islands. 
[ObserverH: E. D. PrestoD, W. E. Wall.] 











No. of 


Time of 


Semi 


-arc. 






Pres- 
sure at 
o-C. 


Pendu- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


coin- 
cidence 


ten coinci- 
dence 







Temper- 
ature. 


Barom- 
eter. 










1 8^2. 


intervals. 


intervals. 


Initial. 
mm. 


Final. 










Seconds. 


mm. 


°C. 


mm. 


mm. 


B, 


D 


I 


July 3 


20 


2184*0 


4*9 


30 


2678 


765-6 


695 




D 


2 


3 


l8 


2187-8 


4-9 


2-8 


25-22 


7^5*5 


697 




R 


3 


4 


l6 


21734 


4-6 


2-8 


26-53 


766-0 


696 




D 


4 


4 


l8 


2165-6 


4 9 


2-9 


27-85 


766-2 


693 




D 


5 


4 


24 


2156-2 


4 9 


2-5 


29-66 


766-1 


688 




R 


6 


4 


30 


2143-0 


4*9 


2-0 


31-53 


765-4 


683 


B. 


D 


7 


4 


14 


23436 


50 


3 3 


2734 


765-2 


692 




R 


8 


4 


16 


2356-0 


5-0 


2-8 


26-33 


7653 


695 




R 


9 


5 


18 


23695 


5-0 


2-7 


24-77 


766*2 


700 




D 


lO 


5 


20 


23480 


5-0 


2-6 


26-18 


766*3 


697 




D 


II 


5 


18 


23347 


5-0 


2-7 


27-79 


7663 


693 




R 


12 


5 


28 


23305 


5-0 


2-1 


29-66 


766 -i 


688 




R 


13 


5 


36 


23536 


3*9 


13 


29-06 


765-5 


622 


B., 


D 


14 . 


5 


14 


2500-4 


4-6 


2-8 


27-49 


766-0 


694 




R 


15 


5 


10 


24985 


4-6 


30 


26-84 


766*2 


695 




D 


i6 


6 


28 


2532-2 


4-2 


1-7 


25-88 


766*9 


626 




D 


17 


6 


16 


2494*4 


4-8 


2-8 


27-64 


767*0 


695 




R 


ig 


6 


14 


2482 -9 


47 


2-8 


29-06 


767-2 


691 




R 


19 


6 


14 


2485-7 


47 


23 


29*56 


767-2 


690 
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Reduction of pendulum ohsetyations, Kawaihae, Hawaiian Islands. 
[Periods reduced to temperature, 15° C. ; pressure, SOO""" at 0'^ C; arc infinitely small; sidereal time.] 



Period uncorrected. 


Corrections (in seventh decimal place). 


Period corrected. 












Arc. 


Temperature. 


Pressure. 


Rate. 




Seconds. 










Seconds. 


0501 1473 


-54 


-489 


—154 


+333 


0-501 1 109 


1454 


-51 


—424 


—155 


■\-ZZ'h 


157 


1529 


-4« 


—479 


-155 


^rZZZ 


180 


1571 


-53 


533 


—152 


+333 


166 


1622 


-47 


—608 


148 


+333 


152 


1693 


—40 


686 


— 144 


+333 


156 


157 


0-50 1 0690 


—60 


-512 


-151 


+316 


0-501 0283 


0634 


-52 


—470 


-154 


+316 


274 


0573 


-51 


-405 


-158 


+316 


275 


0670 


—49 


464 


—155 


+316 


318 


0731 


-51 


-531 


-152 


+316 


zn 


0750 


—42 


608 


— 148 


+316 


268 


0645 


—22 


-583 


— 096 


+316 


260 


287 


0-501 0018 


-48 


-518 


-153 


^Z^^ 


0-500 9613 


0026 


-50 


—491 


-154 


+314 


645 


09893 


—29 


-451 


—099 


+3H 


628 


I 0042 


-50 


—525 


—154 


+314 


627 


0089 


49 


-583 


-151 


+314 


620 


0078 


-42 


—603 


—150 


+314 


597 


622 
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MAGNETIC OBSERVATIONS. 

Abstract of results^ Katcaihae, Hawaii. 

DIP. 



Date. 



1892. 
July I 
2 

3 



N. 

o / 

38 32 
42 

37 



Needle No. i. 




Needle No. 


2. 


S. 
/ 

37 ¥> 
48 
41 


Mean. 


N. 


S. 

/ 

38 15 
H 
16 


Mean. 


/ 
38 09 

09 


/ 
38 04 

OS 
13 


/ 

38 10 
10 

14 



DECLINATION, DIP, AND INTENSITY. 



Date. 



1892. 
July I 
2 

3 



Scale read- 
ing of axis. 



c/. 
29-18 
28-88 



Dcclinalion 
(east). 



Mean dip. 



/ 

18-7. 
20-5' 
22-5 



38 



09-5 
12-5 

II-5 



Horizontal 
intensity. 


Magnetic 
moment. 


Dyne. 
0-3001 
0-3025 
0.3010 


129-4 
128-2 
127-8 



GRAVITY OBSERVATIONS. 



[Sidereal secuuds.] 



Pendulum periods 



B2 

B, 



8, 

0-501 1157 
0-5010287 
0-5009622 



DETERMINATIONS OF LATITUDE. 

The latitude work at the three stations occu])ied for gravity was only of 
secondary importance. Only a limited number of pairs were selected 
for observation, and at Kalaieha the weather was so unfavorable that 
but three latitudes were obtained. The instrument used was a merid- 
ian telescope of 31 inches focal length, 2^ inches aperture, and mag- 
nifying power of 77. One revolution of the micrometer gave an angular 
value of 65'''85. One division of the latitude level is equal to 1"'66, 
and that of the striding level is 2"*21. The instrument is known as 
Meridian Telescope No. 2. In making the observations only one bisec- 
tion was made, and the level was not read more than once, generally 
after the measurement with the micrometer. The results are not coni- 
])arable in point of accuracy Avith those made at Waikiki with the 
zenith telescope, partly on account of the inferior accuracy of the in- 
strument, but principally because the pier was generally constructed 
under poor conditions of stability. At Kawaihae and Kalaieha only 
a woodeu pier was available, and at Waiau the great difficulty of trans- 
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portation and labor made it necessary to construct a very small sub- 
structure. The following tables give the mean places and the individual 
results for latitude: e is the probable error and /j. is the proper motion : 

Mean places of latitude stars. 





No. of star 














(U.S.C.and 
G. S. cata- 


Mean right 
ascension (K. A.). 


Mean declination (5). 


e* 


Proper motion 




logue). 
















1892.0. 


1892*0. 










A. m. 


s. 


/ // 


// 


ff 




65 


43 


17 


16 21 2670 


0-08 


— 0-2I0 




73 


49 


01 


23 02 35 70 


•03 


— 0-042 




78 


51 


26 


22 50 03-63 


-05 


—0-054 




1247 


15 01 


50 


4S 34 06 'OI 


•03 


--0-023 




8313* 


II 


12 


- 8 59 02-94 


•02 


— 0-030 




1257 


13 


48 


2 16 27-21 


•02 


—0-524 




1267 


20 


24 


37 45 21 -60 


•02 


-fO-071 




1284 


30 


06 


27 04 41 -89 


-02 


— 0107 




1298 


36 


43 


13 II 3895 


-08 


—0-029 




1302 


38 


12 


26 38 16-52 


•02 


--0-029 




1309 


43 


52 


18 28 31-07 


•02 


— 0-104 




1317 


46 


32 


21 18 09-86 


•07 


-J-0-005 




1322 


51 


28 


16 00 51-59 


-02 


— 1-299 




1333 


57 


39 


23 06 16-19 


-05 


-f 0-025 




1337 


16 03 


12 


17 20 05-41 


•03 


— 0-023 




1342 


07 


55 


5 17 51-29 


•10 


— 0-005 




1346 


10 


38 


34 07 52 76 


•03 


—0128 




1361 


21 


34 


37 38 2451 


-05 


— 0-022 




1367 


25 


28 


2 13 13-89 


•01 


—0-093 




1383 


35 


49 


12 36 17-63 


•07 


— 0-022 




1387 


37 


14 


27 07 3074 


•08 


—0-062 




1390 


39 


53 


34 14 17-07 


•04 


+0-058 




1394. 


42 


27 


5 26 26-27 


•10 


—0-057 




1416 


59 


58 


- 44 3671 


-04 


— 0-006 




1424 


17 06 


03 


40 54 44*69 


•05 


-fo-oo7 




1428 


09 


44 


14 30 49-27 


•01 


-I-0-022 




1429 


10 


36 


24 58 00-44 


•04 


—0-165 




1436 


13 


33 


10 58 54-60 


•04 


— 0-094 




1438 


14 


35 


28 56 10-13 


•07 


— 0-012 




1449 


19 


57 


37 14 44*45 


•03 


-|-o-oio 




1451 


22 


09 


20 10 24-11 


•04 


4-0 024 




1457 


25 


56 


2 48 21-10 


•04 


-f-0014 




1462 


28 


49 


19 20 06-58 


-06 


— 0096 




147 1 


33 


05 


24 22 27 -88 


•04 


—0-004 




1474 


36 


18 


15 14 01-65 


•50 


— 0-070 




1477 


38 


03 


24 37 0743 


•03 


0II8 




1489 


42 


26 


39 21 4792 


-04 


o-ooo 




1499 


50 


49 


41 13-16 


•09 


— 0-021 




1522 


18 02 


08 


8 13 13*35 


•10 


-fo-oi9 




1524 


02 


55 


30 32 47-59 


•04 


4-0-057 




1 • 




1 


" Stone's Catalogue. 






s 


. Ex. 19, pt. 


2 38 
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liesulta of latitude obaervationa, Kawaihae, Hawaii, 



No. of 
pair. 


No. of star <U.S. 
C. and G. S. cata- 
logue). 


Number of 
observations. 


Latitude. 








/• // 


I 


1243— 8313 


2 


20 02 07*4 


2 


1257— 1267 


3 


05 -8 


3 
4 


1309— 1317 
1284 — 1298 


3 

2 


05-2 


5 
6 

7 


1333— 1337 
1361— 1367 

1383— 1387 


3 

3 
2 


o6-i 
05-4 
058 


8 
9 


1390— 1394 
1436— 1438 




05-0 
077 


lo 


1449—1457 




063 


II 

12 


1474— 1477 
1489 — 1499 




04-0 
063 




23 

(Total) 


20 02 05 '9 
(Mean latitude) 



Star No. 8313 is from Stone's Cape Catalogue of 12 441 stars. 



WAIMEA. 

[See illustration No. 29.] 

On Thursday, July 7, 1892, Waiiuea was reached. At tbis station 
only magnetic observations were made. One station was at the west 
end of the base line of the Government survey and the other was iden 
tical with the station occupied in 1872 by Mr. C. J. Lyons. Additional 
horses and pack mules were engaged here for the ascent of Mauna Ken 
and preliminary arrangements made for the trip. Throughout our stay 
tlie work was much facilitated by Mr. W. L. Vredenburg. Our camp 
was established in his yard. The party was also recipient of other 
favors at his hands. Waimea is situated at an altitude of 2 600 feet 
above the sea level, with a moist atmosphere. I^early every afternoon 
the trade winds bring in rain, so that the observations were made with 
difficulty. With so much regularity does the rain appear that it 
becomes to some extent a timepiece. In reply to the question, asked by 
one of our party, as to when school was dismissed for the day, the answer 
was that the school closed generally a quarter of an hour before the 
rain set in. The climate is well adapted to fruit, and the grazing land 
is of the best quality. The following plants were noticed in one of the 
gardens : Figs, wild tomatoes, bananas, coffee, pineapples, taro, mangoes, 
cauliflower, and sugar cane. The following is a sketch of the magnetic 
station occupied by Mr. Lyons in 1872; the other one is at the west end 
of the base line and needs no further description : 
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Needle No. i 


• 




Needle No. 


2. 


Date. 






Mean. 








N 


• 


s. 
/ 


N 





s. 


Mean. 
/ 


1892. 





/ 


/ 


/ 


July 8 


39 


32 


38 15 


38 54 


38 


30 


38 25 


3^ 28 


9 


35^ 


3« 


04 


21 




20 


29 


24 


II 




55 


34 


44 




18 


28 


• 23 



DECLINATION, DIP, AND INTENSITY. 



Date. 


Scale reading 
of axis. 


Declination 
(east). 


Mean dip. 


Horizontal 
intensity. 


Magnetic 
moment. 


1892. 
July 8 

9 
II 




/ 

8 50-0 

9 030 
04-2 


/ 

38 41 -O 
22-5 

33*5 


Dyne. 
0-2966 

78 
86 


128-0 
1293 
128-4 



Note. — On July 8 the magnetic station was at the west end of the base line of the Gov- 
ernment survey. On July 9 and 1 1 the station was half a mile distant from the previous one, 
at a point occupied in 1872 by Mr. C. J. Lyons, of the Survey staff, 

KALAIEHA. 

Leaving Waimea at 7.25 a. m. on July 12, we arrived at Kalaieha at 
5 o'clock in the evening, having passed the entire day in the saddle. 
The distance is about 30 miles. The road is not steep, as the elevation 
to be overcome between the two places is only 4 000 feet. This gives 
an average rise of 1 in 40, or an inclination of about 1 Jo. On the road 
specimens of lava were gathered at designated points in order to form 
a basis for estimating the average density of the rocks of the island. 
The route taken, aw well as the points from which specimens were 
obtained, is shown in illustration No. 31. Kalaieba is situated on the 
Suniuula ranch, which contains 237 000 acres, including a part of 
Hamakua. The tract runs down to the sea on the windward side and 
extends from the summit of Mauna Loa on the south to Mauna Kea on 
tlie north. At its widest region it is 20 miles broad. Its longest 
dinaension is about 45 miles. On July 13 the stations were located and 
tlie tents and instruments put in position, and on the following day 
work was begun. The pendulum receiver was mounted on a large rock 
about 100 feet west of the house farthest to the west, and the latitude 
pier was within 2 or 3 feet of the pendulum in a southeast direction. 
The magnetic station was 200 feet due north of the pendulum. A gen- 
eral view of Kalaieha is shown in illustration No. 32. The prominent 
peaks along th© path to the summit are identified by rectangular coor- 
dinates. 
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LOCATION OF PROMINENT PEAKS ON MAUNA KEA (ELEVATION, 13,825 

FEET). 

The impiirtant points on this mountain are to be found in illustration 
1^0, 32 at the intersection of vertical and horizontal lines, as follows: 



Vertical. 
w 


Horizon- 
tal. 

I 


Name of peak. 


Waiau location of gravity latitude and 






magnetic station. 


b 


I 


— Poliahu.* 


a 


I 


Ku-ka-hau-ula highest peak ; the trigono- 
metric station is near this point. 


c 


I 


— Ke-one-he-he'e; trail to summit passes to 
right of this hill. 


c 


2 


- Ka Lepe a Moa; trail passes between this 
and e — 2. 


k 


I 


— Omahulua. 


g 


2 


— Kole. 


h 


2 


= Loaloa. 


f 


2 


Hookomo. 



* "Poliahu is a poeticsil name, being that of the demigoddess with snow mantle who haunts 
Mauna Kea. See Lcj^end of Laicikawai. I therefore propose to attach it to this nameless peai^- 
The rest are the genume native names." — [ W. D. Alexander.] 



Oeodetic position of Kalaieha Latitude Station. 




NortKBase 



Ofnxxx>koili 



Geodetic Z Omaokoili to north base 
Distance from " " '< '^ log (feet) 

" « " " " *' log (metres) 

Geodetic L Omaokoili from Aahuwela = 

dL = — 

" L' north base = 19 



o 
19 



SouVvBasc 



= 288^ 00' 40" 
= 4-0977463 
= 3-5817786 



43 
00 

42 



13-63 
38-40 
35-23 



Geodetic M Omaokoili from Aahuwela 

dM 
*' M' north base 



o 
= 155 

= 155 



// 



27 
02 
25 



56-94 
04-68 
52-26 
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ISLAND OF HAWAII 



REDUCED FROM 
GOVERNMENT SURVEY MAPSi4* 

SpecLTTveas ohtain/ed, at I,2,A,B, etc 

Lava Flows and, TUne «^ Eruption,, 
shown, thus: 1868 



'♦ 



w- 



■w- 



BTT- 



"% MILU 
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Geodetic Z Kalaieha, north base to latitude station = 28^ W 00" 
Distance '^ '' " ^' , " = 202-5 feet 

o / // 

Geodetic L north base = 19 42 35-2:5 

dL =-00 1-76 

Geodetic latitude of latitude station = 19 42 33'47 

O I II 

Geodetic M north base = 155 25 52-26 

dM = + 00 1-02 

Geodetic longitude of latitude station = 155 25 53*28 

The above position of Oraaokoili depends on the correctness of a 
short base measured near Aahuwela and a chain of six triangles care- 
fully measured. The error probably does not exceed 0''"20. 
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Pendulum obsei'vatiovs, KalaiehOy Bawaiian Islands. 
[Observers: E. 1). Preston, W. E. Wall.] 











No. of 


Time of 


Semi 


-arc. 


1 




Pres- 
sure at 
o°C. 

mm. 


Pendu- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


coin- 
cidence 


ten coinci- 
dence 






Temper- 
ature. 


Barom- 
eter. 














intervals. 


intervals. 


Initial. 
mfn. 


Final. 










1892. 




Seconds. 


mm. 


°C 


niTn. 


B, 


D 


I 


July 14 


12 


2129-6 


51 


40 


1477 


6044 


572 




R 


2 


14 


8 


2128-1 


5'^ 


40 


14-36 


604-4 


573 




R 


3 


15 


16 


2II2-8 


4-0 


2-7 


i6-6i 


605-2 


570 




1) 


4 


15 


18 


2106-7 


5-0 


35 


17-04 


6053 


568 




D 


5 


15 


34 


2IIO-6 


50 


2.2 


16-99 


605-0 


568 




K 


6 


15 


30 


2I2I-2 


50 


2-4 


15-76 


604-7 


571 


B2 


D 


7 


15 


22 


2307 5 


4-9 


2-8 


1361 


605-2 


576 




R 


8 


^5 


14 


2320-0 


4-8 


32 


12-51 


605-7 


578 




R 


9 


16 


12 


2342 9 


43 


31 


IO-44 


605-7 


582 




D 


10 


16 


20 


2326 -8 


.SO 


31 


11-40 


605-8 


581 




D 


II 


16 


32 


23130 


50 


[2-3] 


I2-8l 


605-9 


579 




R 


12 


16 


28 


2301 4 


5-0 


2-4 


1407 


605-8 


575 


B3 


D 


13 


16 


'28 


2439-6 


4 9 


2-1 


1477 


• 

6o6-2 


574 




R 


14 


16. 


14 


2427 -9 


4 9 


29 


1497 


605*9 


573 




R 


15 


16 


20 


2431 5 


4-8 


27 


1477 


605-4 


573 




D 


16 


16 


24 


24467 


4-8 


2*3 


14-16 


605-0 


574 




D 


17 


16 


18 


24564 


47 


2*9 


13-36 


605-6 


576 




R 


18 


16 


14 


24590 


47 


30 


12-76 


606-0 


578 
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Reduction of pendulum ohservationSy Ealaieha, ITau-aiian Islands. 
[Periods reduced to temreratnre, 15° C. ; pressure, 500""" at 0^ C. ; arc infinitely small ; siden al time.] 



Period uncorrected. 


Corrections (in seventh decimal place). 


Arc. 


Temperature. 


Pressure. 


Rate. 


Seconds. 










0-501 1767 

1774 
1861 

1896 

1873 
1S13 


-73 

-73 

—39 

-63 
-44 

—46 


+ 10 
+ 27 
- 67 
-85 
-83 
32 


-57 
-58 

-55 

"54 

--54 
-56 


+ 258 
+ 258 
4-269 
4-269 
+ 269 
4-269 


0-501 0858 
0799 
0693 
0768 
0832 
0886 


-51 
-56 

-48 

-57 

-45 
__46 


+ 58 
+ 103 
+ 189 
+ 149 
+ 91 
+ 39 


60 

62 

-65 

-64 

62 

-59 


4-269 
4-269 
4-269 
+ 269 
4-269 
4-269 


0-501 0269 
0318 
0303 
0239 
0198 
0188 


—41 

-53 
—49 
—43 
-51 

-52 


+ 10 

+• I 
+ 10 

+ 35 
+ 68 

+ 93 


-58 
-58 

-58 

-58 

60 

62 


4-269 
4-269 
4-269 
4-269 
4-269 
4-269 



Period corrected. 



Seconds. 
0501 i9ot; 
928 
969 

963 
961 

948 
946 

0-501 1074 

053 
038 

065 

085 

089 



067 

0-501 0449 

477 

475 
442 

425 
436 



451 
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The latitude observations at this station were made witli gi 
difficulty. During the entire stay not more than four pairs coukl 
obtained. The evc^niugs wore always either foggy or rainy, and as 
teleaeoi)e was mounted in the open air, it was often necessary to lif 
from the Ys and take it inside the tent to be dried. The latitude ^ 
{ilways made to give way for the time observations, as these w 
nenessary for the sucrcess of the gravity work, which was the real ob 
tive point of the trip. 

JiCftnlts of' latUmle ohsrrrniions at Knlah'hn, Hawaii. 



I ^'«»- "f ill ?"r"!jliY' <: Number of 



jmir. 









I 


i i29cS— 1302 


' 


2 

3 
4 


' 65- 73 
65- 7S 


I 
I 

I 


4 
(Total) 





I.utitude. 







/ 


// 




19 


42 


03 


■ 2 






02 


5 






03 


■I 






01 


■7 


19 


42 


02 


•6 




(Mean) 





Dat 



c. 



i(S92. 
July 14 

IS 

16 . 



Abstract of magnetic resHltn atJialaieha, Ilatvaii, 

DIP. 



N. 



Xeecilc Xo. I. 



S. 



I 



Needle No. 2. 



Mcjiii. 



N, 



Mean. 



39 12 
09 

14 



o / o / 

3« 23- , 38 4S 



34 
19 



52 
46 



o / , O 

.38 50 

39 
53 



i I 

o / j o / 

58 50 j 38 50 

43 ; 41 

46 50 



1)K(;LI NATION, DIP, .\N1) INTENSITY. 



• • « 



Date. 



1S92. 
July 14 



Scale rcu<lin{^ Dec lination 
of axis. (east). 



29.06 



9 531 
521 



Mca I dip. 



38 



490 

46-5 
48-0 



Horizontal : Mag^netic 
intensity. moment. 



Dvfii'. 

0*2949 

02958 



128-5 
1281 



GRAVITY OBSKRVATIONS. 



|sid<'roal HoocmdH.] 

Pendulum 7?, =0-r>01104() 
7^, = 0-5011 007 
2^3 = 0-5010451 



it 

5J 
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WAIAU. 

[See illustration No. 33.] 

The instruments were dismounted at Kalaieba on July 18 and packed 
for the final ascent. The distance to the summit, in an air line, is about 
7 miles, and the diiference of elevation about 7 000 feet. The path, how- 
ever, was about 12 miles in length, and Waiau is 700 feet below the 
summit, so that the average rate of xise was 1 in 11, or an angle of about 
5JO. The amount of material to be transported to the top of the moun- 
tain was very great. Besides the astronomical, gravity, and magnetic 
instruments, and the provisions required to maintain the party on the 
summit long enough to complete the work, it was necessary to carry 
fuel, tents, and blankets, and enough cement to build a pier for the 
meridian telescope. The whole outfit was. packed on 11 mules, and tfce 
party consisted of 11 persons, including 3 packers. Everything being 
in readiness, a start was made on the morning of July 19. Before get- 
ting well under way, however, a fog set in. Some of the pack animals 
became difficult to manage, and soon it was noticed that the mule carry- 
ing the magnetic instruments, probably the most delicate ones of the 
outfit, was missing. A halt was made and eight of the party started 
in search, but as the fog was now dense, our efforts were of no avail. 
After a couple of hours of delay it was decided to abandon the journey 
for the day. We all returned to Kalaieha, the animals were unpacked, 
and the day given up to hunting the lost instruments. The mule was 
found about 3 p. m. at the foot of the Omaokoili hills, some 3 miles 
distant. 

On the following day we again set out at 7.40 a. m. At 11.40 a stop 
was made for lunch. The route passed between Lepe a Moa on the left 
and Kole on the right, and we now found ourselves at an altitude of 
about 10 000 feet. Continuing in the direction of Keonehebee, aufl 
climbing this cinder cone in a northeast direction (see illustration No. 
34), we arrived at the plateau level at 2 p. m. The elevation of this 
point is 11 600 feet. The mamame trees were not seen above 10 000 
feet, and the raillardia, the only remaining sign of vegetation, disap- 
peared at 11 500 feet. From this point on, the path was over an 
unbroken landscape of lava. Some interesting pyramids of stone, 
built to commemorate Queen Emma's visit, were seen on the edge of 
the plateau, and at an elevation of 12 000 feet was found Keanakakoi, 
a famous quarry opened by the natives many centuries ago for the 
manufacture of battle axes. At an elevation of nearly 13 000 feet, 
near Lilinoe, a burying ground was found, where the ancient chiefs 
were laid to rest in the red volcanic sand. Before reaching the plateau 
the animals suffered considerably from the rarity of the atmosphere. 
On the flank of Keonehehee it was with great difficulty that they were 
driven — with tongues out and sinking ankle deep in the soft scoria 
at every step, tliey presented a pitiable picture indeed and seemed 
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uttei I}'^ regardless of the drivers' urging', whether with noise or whip. 
Although heavily laden, they repeatedly lay down, profiting by even a 
few minutes, when unobserved, to snatch a few moments' rest. Some 
were unable to reach the destination and had to be unloaded three- 
quarters of a mile from Waiau and turned loose to descend to the plains 
below. Their loads were repacked on stronger mules, which were sent 
back from the summit. The endurance of these mountain animals is 
remarkable. On the leeward side of the island, where it seldom rains, 
it is a common occurrence for them to pass eight days without water, 
and cases are on record where two weeks have elapsed between drink- 
ing times. Our cami) was established on the banks of the lake known 
as Waiau. [See Frontispiece.] This is a bqdy of water formed by the 
melting snow and gathered from the sides of an extinct crater. It is 
one of the highest bodies of water in the world, being at an elevation 
of over 13 000 feet. At 4 i). m. the baggage was all at the station and 
the animals were sent back to Kalaieha, as there is no provender within 
many miles of the place. 

The boiling x)oint of water on the summit (illustration l^o. 35) is about 
186° F. The ranges of temperature during our stay were from 13^ F. 
at night to 108^ F. in the daytime, the thermometer having the same 
position at both times. The barometer stood at 18*30 inches at 54^ F. 
We found the trade winds blowing at the summit, although the anti- 
trades are sui)posed by some to appear much below 14 000 feet eleva- 
tion. The atmosphere was very clear. Many stars were observed 
before sundown with a small telescope. We had, of course, ice every 
night on the lake. With such extreme ranges of temperature there 
was much discomfort. Sleeping cots were not taken, as it was entirely 
too cold at night to lie oif the ground. It was found necessary to make 
sleeping bags by sewing blankets together. Although for miles in every 
direction around Waiau there is an unbroken landscape of lava, and 
apparently nothing to support life, we saw spiders, butterflies, and flies 
during the stay. Around the shores of the lake the following plants 
were found growing, although the lake itself is several thousand feet 
above the last limit of vegetation. They were submitted to President 
D. 0. Gilman, of the Johns Hopkins University, who kindly forwarded 
the list, as follows : 

Oystopteris fragilis Beruh. 
Trisetum glomeratum Trin. 
Poa annua L., forma vel vaz. 
Deschampsia australis Nees. 

The first specimen was determined by Mr. John Donnell Smith, and 
the last three by Dr. George Vasey. All the above plants were found 
growing near the same locality, at an elevation of about 13 100 feet 
above sea level. See illustration No. 35 for summit view. 
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The Geodetic Position of Waiau, Latitude Station. 



// 



Latitude of Mauna Kea (primary triangulation) 19 50 01*63 N. 
Longitude " " " <^ " 155 26 lS-75 W. 

Geodetic Z Mauna Kea to " Peak A" = 69° 26' 00" 

Distance from " " '^ " " log (feet) =3-6563410 
'' * " " " " " " log (metres) =3-1403733 

Geodetic d L from Mauna Kea to ^'Peak A" = -15"-785 

" L' of " Peak A" = 19° 49' 45"-845 

Geodetic d M from Mauna Kea to ^' Peak A" = H-44"'456 

*' M' of " Peak A'' = 155° 27' 03"-206 

Geodetic Z " Peak A'' to Waiau latitude station = 337° 18' 45"-00 
Distance from " " " *' " '' log (feet) =3-583900 

" " " *' '' " " " log (metres) = 3-067932 

Geodetic dL' from " Peak A'' to Waiau latitude station = —35" -087 

" latitude of Waiau latitude station = 19° 49' 10"-758 

Geodetic^i¥ from "Peak A'^ to Waiau latitude station = — 15"-500 

" longitude ol Waiau latitude station = 155° 26' 47"-706 

Position of latitude station probably correct within 3 feet. 

All the above longitudes are conventional and should be corrected 
by adding 2' to them. The latitudes are derived from the main trian- 
gulation. The above computation was supplied by the Government 
Survey Office in Honolulu. 
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Pendulum obBervations, Waiau, Hawaiian Islands, 
[Observors: £. D. Preston, W. E. Wall.l 











No. of 


Time of 


Semi-arc. 






Pres- 
sure at 
o»C. 


Pendu- 
lum. 


Posi- 
tion. 


Swing. 


Date. 


coin- 
cidence 


ten coinci- 
dence 






Temper- 
ature. 


Barom- 
eter. 














intervals. 


intervals. 


Initial. 


Final. 












1892. 




Seconds. 


fnm. 


mm. 


">€. 


mm. 


mm. 


Bi 


D 


I 


July 22 


22 


19927 


5-0 


3*5 


lo-o^ 


477-0 


459 




R 


2 


22 


22 


2020 '9 


5-0 


3*4 


7*57 


477-2 


464 




R 


3 


23 


26 


20494 


50 


31 


3*95 


477-3 


470 




D 


4 


23 


20 


201 1 *5 


50 


37 


7-57 


477-8 


464 




D 


5 


23 


22 


19777 


50 


3*5 


II'20 


478-1 


458 




R 


6 


23 


20 


19552 


5-0 


3*5 


13-91 


478-1 


454 


Bs 


D 


7 


23 


24 


2087*1 


50 


31 


15-77 


4780 


451 




R 


8 


23 


24 


2078-1 


50 


3*2 


1685 


477-8 


449 




R 


9 


23 


16 


2071-6 


5-0 


37 


17-09 


477-6 


449 




D 


lO 


23 


2.0 


2065 -o 


50 


C3-5] 


16-85 


477*5 


449 




D 


II 


23 


18 


2092-2 


50 


3-6 


14-07 


477-2 


453 




R 


12 


23 


24 


2126-9 


50 


32 


11*45 


477-2 


457 


Bs 


D 


13 


24 


18 


2221*1 


4 9 


3-5 


'37? 


478-7 


456 




R 


14 


24 


16 


2238-8 


4-0 


31 


I2-IO 


4789 


458 




R 


15 


25 


20 


2359-5 


4-6 


2*9 


330 


478-5 


472 




D 


i6 


25 


16 


2338-1 


4-5 


3-0 


470 


4786 


470 




D 


17 


25 


18 


2309-4 


4-6 


31 


7-02 


478-9 


466 




R 


i8 


25 


42 


2272*1 


4*5 


1*9 


IOI5 


479-0 


461 
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Seduction of pendulum obnervattons, Waiau, ffatoaiian IHttndii 
[Periods reduced to temperature, 15<^ C. ; pressure, 500^"*" at <P C. ; arc infinitely small ; sidereal tiiue.] 



1-9 ^^flvA ^^ ^w « a ^v^ ^^^f^ av^^^^ .^^^k ^^ ji 


Corrections (in seventh decimal place). 


K.J ^^ ^Ba ^^ ^« ^^ j^ ^A^H^^K. ^^^L ^^ .^1 


renoa uncorrectea. 










Ferioa corrected. 




Arc. 


Temperatufe. 


Pressure. 

• 


Rate. 




Seconds. 










Seconds. 


0-501 2578 


-63 


+204 


+32 


+309 


0-501 3060 


2401 


— 62 • 


+308 


+28 


+309 


2984 


2228 


-57 


+459 


+23 


+309 


2962 


2460 


-67 


+308 


-{-28 


+309 


3038 


2674 


-63 


+ 158 


+33 


+309 


3UI 


2820 


-63 


+045 


+36 


+309 


3147 


3050 


0*501 2008 


—57 


32 


+39 


+309 


0-501 2267 


2058 


-59 


- 77 


+40 


+309 


271 


2097 


-67 


-87 


+40 


+309 . 


292 


2136 


-63 


— 77 


+40 


^309 


345 


1976 


-65 


•+ 39 


-^Z7 


-f-260 


247 


1781 


—59 


+ 147 


+34 


-[-260 


163 


264 


0-501 1 281 


-62 


+ 54 


+35 


-f-260 


0-501 1568 


I191 


—44 


-|-I20 


+33 


-[-260 


560 


0618 


—49 


+486 


-|-22 


-1-260 


337 


0715 


49 


+427 


+ 23 


4- 260 


376 


0849 


-52 


+ZZ^ 


+ 27 . 


-i-260 


415 


1027 


—34 


+201 


+31 


-f-260 


485 


457 
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Abstract of magnetic results at WaiaUj summit of Mauna Kea, Hawaii. 



DIP. 



• ••< « r 



Date. 


Needle No. 1 


• 


in. 

/ 
34 

36 




Needle No. 


2. 


N. 

/ 
38 60 

57 
54 




S. 


Mes 



38 


N. 


S. 

/ 

38 14 
38 
42 


Mean. 

/ 

38 28 

31 

42 


1892. 
July 21 
22 

23 


/ 

38 09 
13 
17 


/ 

38 42 
24 

41 




DECLINATION, DIP, AND INTENSITT. 




Date. 


Scale readi 
of axis. 


ng 


Declination 
(east). 


Mean dip. 


Horizontal 
int. nsity. 


Magnetic 
moment. 


1892. 
July 21 
22 


• 30-02 
29-24 


/ 
10 21 -O 


/ 

38 310 

330 
390 


Dyne. 

0-2950 
02950 


1235 
123-6 


22 






24 


10 2A-A 















ABSTRACT OF GRAVITY RESULTS. 

[Sidereal secoudH.] 

Pendulum Bi = 0-5013050 
B2 = 0-5012264 
B3 = 0-5011457 

The latitude of the station was determined by fifty-two measures on 
sixteen pairs of stars, as follows : 

Latitude of JVaiau. 



No. of pair. 


No. of star (U. S. C. 
and G. S. catalogue). 


Number of 
observations. 


Latitude. 






/ // 


I 


1257 — 1267 


2 


19 48 51-7 


2 


' 1298 — 1302 


3 


51-0 


3 


1309— 1317 


3 


54-6 


4 


1322 — 1333 


3 


50-8 


5 


1342— 1346 


4 


5I'2 


6 


1361— 1367 


3 


523 


7 


1 383 -1 387 


4 


53-3 


8 


1390— 1394 


4 


52-4 


9 


I416 — 1424 


4 


540 


10 


1428 — 1429 


4 


52-2 


II 


1436— 1438 


4 


525 


12 


145 I — 1462 


4 


52-1 


13 


1471 — 1474 


3 


504 


14 


I471 — 1477 


2 


50-6 


15 


1489— 1499 


3 


53 -o 


16 


1522—1524 


2 


49*4 


52 


19 48 52-0 






(Total) 


(Mean) 
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The geodetic positions of the three stations on Hawaii, as communi- 
cated by Professor Alexander, are given in the third column following: 

Latitudes. 



Stations. 



Kawaihae 

Kalaieha 

Waiau 



Astronomical 
latitude. 



o / // 

20 02 05 -9 

19 42 02-6 

19 48 52-0 



Geodetic 
latitude. 


Astronomical 
minus geodetic. 


/ // 

20 02 25-1 
19 42 324 
19 49 IO-8 


// 

— 19-2 

29-8 

— 18-8 



The above table shows that there is a deflection of the plumb line 
toward the north at all three stations, and the deflection at Kalaieha 
appears to be much more marked than at either of the other stations. 
By reference to illustration Ko. 31 it will be seen that we should expect 
a greater deflection at Kalaieha than at either of the other two. The 
deflection at Ka Lae, the extreme southern point of the island, appears 
to be about 1' 29". This result is from work done by myself at this 
point in 1887 with zenith telescope No. 1, and a subsequent triangula- 
tion by Mr. J. S. Emerson, of the Hawaiian Government Survey, 
previous to 1891. 

FROM WAIAU TO HILO. 

The last observations were made at Waiau on the evening of July 
25. The next morning the animals arrived from Kalaieha. They were 
packed during the forenoon of the 26th, and at 1.30 p. m. we started 
down. We reached the Humuula ranch (Kalaieha) at 5.45 p. m., hav- 
ing stopped an hour at Keanakakoi. On the 27th the instruments and 
baggage were all repacked. The party separated at this place, some 
going down the windward side of the mountain to Hilo, and the others 
returning to the sea over the same route taken in the ascent. This 
course was necessary because magnetic observations were to be car- 
ried on at Hilo, and as it was impossible to transport the baggage to the 
steamer on this side of the island, it was sent to Waimea and then to 
Kawaihae. We left Kalaieha at 6* a. m. on July 28th with a small pack 
train and a guide. The path is about 30 miles long, very rough, and 
much of the way over sharp lava. We were supplied with horseshoe- 
ing implements. This is a requisite to everyone making the trip. 
The lava is so hard and sharp that if a shoe is lost the horse's foot is 
badly cut in a few minutes, and neither persuasion nor force will induce 
him to continue the route unshod. Many carcasses were seen along 
the road, of animals that had been killed or left to die, as there is 
nothing by the wayside to support life. Just before arriving at Hilo we 
passed through 1^ miles of swampy woods, which consumed two hours 
in crossing. Hilo was reached at 7.30 in the evening, after having 
spent thirteen hours in the saddle. 

The photographic plates exposed on the mountain were developed 
the next day, and on Saturday, the 30th, magnetic observations were 
begun. 
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HILO. 

The station occupied was on Oocoanut Island, about a mile and a 
half from the court-house. This station was chosen because magnetic 
work had been done here by other observers. The following is a sketch 
of the island, showing the location of the magnetic station and its 
position with reference to the house near by. 

Sketch of Mokuola (Cocoanut Island,) 




\ 



i. 



Abstract of mafinetic obaervationa at HilOf Hawaii. 

DIP. 



Date. 



1892. 
July 30 

31 
Aug. 1 



Needle No. 1. 



Needle No. 2. 



N. 


s. 
/ 


Mean. 


/ 


/ 


39 43 


39 03 


39 23 


39 


04 


22 


50 


12 


31 



N. 



39 



14 
20 

25 



S. 



Mean. 



39 23 
32 
15 



39 18 
26 
20 



• 


rECLIKTATION, DIP, AND INTENSITY. 




Dale. 


Scale reading 
of axis. 


Declination 
(east). 


Mean dip. 


Horizontal 
intensity. 


Magnetic 
moment. 


7892. 
July 30 

31 
Aug. I 

2 


29-00 
28-76 


/ 
8 26-1 

25-3 

18-9 
19-4 


/ 

39 20-5 
24 
25-5 


Dyne. 
0-3064 
•3064 

•3057 


127-0 
127-5 
126-8 
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In December, 1878, Mr. G. J. Lyous found an easterly declination of 
7° 40' at this same station. A comparison with the above would give 
an annual increase of east declination of three minutes. 

NAPOOPOO, HAWAII. 

On August 16 I left Honolulu for Kealakeakua Bay, where Captain 
Cook had his observatory in 1779. Arriving on the 17th, the observa- 
tions were begun the following day. With the aid of a map and verbal 
instructions at the Government Survey Office, in Honolulu, I was able 
to find the spot occupied by the great navigator, and the magnetic 
instruments were placed i>ractically in the same locality. (See illust:a- 
tions 36 and 37.) 

The following sketch (which is only approximately drawn to scale) 
shows the situation with reference to the Heiau: 



r 



\ 



I 



B 




A^s. Attar six ft. hi^K,ivitfvpit irv centre 

B =. Inner court. fVcJJi six ft. hicfh, 

C = PcL-yenuent oT fine stonjcs 

/>= fine stones, one ft. lotver thxuc C 



JZOft. 



J\ 



soft. 



To McLrk, 



70ft, 



Mcuqrueiornje ter 





DipCincte 



The following readings were made at the magnetometer station : 



Cook's monument 
Heiau on Kalaemamo Point 
Pole on Kamehameha Heiau 
8. Ex. 19, pt 2 39 



4 12 

353 o6 

15 32 
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Abstract of magnetic results at ^apoopoOf Hawaii. 









DII 


• 






Date. 


Needle No. i 


• 




Needle No. 


2. 


N. 


s. 


Mean. 


N. 


S. 


Mean. 


1892. 


/ 


/ 


/ 


/ 


/ 


/ 


Aug. 18 

1^9 
20 


37 56 

37 46 

38 08 


37 22 

36 57 

37 10 


37 39 

22 

39 


37 44 
22 

54 


37 34 
46 
30 


37 39 
34 
42 





DECLrNATION, DIP, AND INTENSITY. 




Date. 


Scale reading 
of axis. 


Declination 
(east). 


Mean dip. 


Horizontal 
intensity. 


Mag^netic 
moment. 


1892. 
Aug. 18 

19 
20 

21 


28-30 
28-i8 


/ 

9 09 -2 
10-9 
057 
06 -6 


/ 

37 390 
28-0 
40-5 


Dyne. 
03035 
0-3027 
0-301 1 


1240 
1247 

125-3 



LAHAINA, MAUI. 

Leaving Napoopoo at 3 p. m., ou August 22, we arrived at Lahaina 
at 7 a. ID. the following morning. Observations were made on the 23d, 
24th, and 25th. The station chosen was in the court-house yard, as 
shown in the following sketch (approximately) : 




A = Position of magnetometer. 
B = Dip circle. 
O = Flag pole. 
KHFE = Court-house. 

D = Latitude pier aud gravity station, 1883. 

Readings at A. Dinta n ce from, A . 

E=^ 0° 01' (mark) 

F= 19 00 92feet 

H= 31 20 

C= 36 63 198 " 

2>=128 42 

lf = 313 20 35 * 

Angle at D between A and C = 28° 45' 
Azimutli of line CD = 336 18 

Distance OD = 448.5 feet. 
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This latitude was determined in 1883 by observations on sixteen pairs 
of stars, with an average of five observations on each pair. The result 
is inserted here in order that the list of Hawaiian latitudes may be com- 
plete. As no special report was made on the single latitude determined 
on Maui in 1883, it has never yet been published. The result is 

(p = 20O 52' 22"-8 

The following are the results from the separate pairs : 





^ 




No. of 
pair. 


Latitude. 


Number of 
observations. 




o / // 




I 


20 52 22-69 


4 


2 


2413 


4 


3 


22 82 


5 


4 


2331 


5 


5 


2472 


5 


6 


2334 


5 


7 


2357 


5 


8 


22 39 


6 


9 


2I'II 


5 


lO 


21 09 


7 


II 


22-84 


4 


12 


22-25 


4 


13 


22-40 


I 


H 


22-43 


6 


15 


22-33 


7 


i6 


22-73 


7 



Abstract of magnetic results at Lahaina, Maui, 

DIP. 



Date. 


Needle No. 


I. 




Needle No. 


2. 

Mean. 


N. 

/ 

39 43 
48 

50 


s. 


Mean. 


N. 


S. 


1892. 
Aug. 23 

24 
25 


/ 

38 24 

49 

51 


/ 

39 04 
18 

20 


/ 

39 24 
32 
28 


/ 

39 22 
36 
30 


/ 

39 23 

34 
29 



DECLnf ATION. DIP, AND INTENSITY. 



Date. 



1892. 
Aug. 23 
24 

25 



Scale reading 
of axis. 



^. 



28-42 



Declination 
(east). 



9 o8-i 
09-9 
08 -8 



Mean dip. 



39 



135 
26-0 

24*5 



Horizontal 
intensity. 



Dyne. 
0-2990 
0-2980 
0-2996 



Magnetic 
moment. 



124-9 
125-4 
124-8 



612 



IT. S. COAST AND GEODETIC SURVEY. 



WAIMEA "A," AT KAUAI. 

Keturii*..g to Honolulu on the 27th of August, preparations were 
made for the occupation of two stations on the Island of Kauai. The 
steamer left on the 30th, and I arrived at Waimea on the following 
day. The instruments were not landed until September 1. On the 2d 
observations were begun. The first station was made near the old 
Transit of Venus station, occupied by the English party in 1874, and 
reoccupied by myself in 1887 while determining astronomical latitudes 
for the Hawaiian Government. The following sketch explains distances 
and bearings: 

F 





Of Steep 

curr 



± — Magnetic station. 




K — Transit of Venus pier. 




L — Latitude station, 1887. 




Jf :^Mark. 




r Ji <r = stone wall of terrace. 




H ~ Arrow cut in rock (said to be by Captain Cook) 


RSDE^J^v. 


Campbell's house. 




BEAUINCiS AND DISTANCES. 


Circle readings 


at A. 


Distances from 


o 


/ 


Feet. 


M= 


00 


.... 


K-^ 42 


23 


78-2 


B -3z 140 


40 


35-5 


D = 178 


40 


103-5 


E — 211 


25 


131-0 


fi" — 250 


14 


105-3 


C=... 


, . 


30-5 


KL= ... 


. , 


11-8 


BC - ... 




16-4 



The mark is the southern spire of church, about ono-lburth mile southwest of magnetic station. 
Magnetic bearing of mark is south 30° west. 
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Abstract of magnetic results at Waimea, '' A/* Kauai. 

DIP. 



Date. 


Needle No. t 


• 




Needle No. 


2. 


N. 


S. 


Mean. 

/ 

40 12 
22 


N. 
/ 

40 13 
28 


S. 


Mean. 


1892. 
Sept. 2 

3 


/ 
40 48 
56 


/ 

39 35 

48 


/ 

40 25 
29 


/ 

40 19 
28 



DECLINATION, DIP, AND INTENSITY. 



Date. 



Scale reading 
of axis. 



1892. 
Sept. 2 

3 



2858 



Declination 
(east). 



Mean dip. 



Horizontal 
intensity. 



Magnetic 
moment. 



o / 
10 03-8 

03 -2 



40 15 5 
25 o 



Dyne. 
0J886 

79 



125*2 
124-9 



WAIMEA "B." 

As it was feared that local attraction might have influenced the work 
at the preceding station, a second station was made at Thornycroft. 
This station was designated as Waimea '^ b," and is situated nearer 
the sea, on a level piece of land, with no rocks in the immediate neigh- 
borhood. It is on what is known as the llowell property and is about 
one-eighth of a mile west of the house. The station is 1 015 feet north 
and 2 828 feet west of the Transit of Venus pier. This is taken from a 
large scale map made by Mr. William Rowell, and is correct within 
a few feet. The following sketch shows the relative positions: 



■4 




A =r Majgrustic StJoUiori^ 
B =. EnxL oFBoL^e 
C = TeruocnJL Houusa: 
EFO = Wire Fervce 

Distcuxces 
AB ^€57^ 



iLB 



614 



U. S. COAST AND GEODETIC SURVEY. 

Abstract of magnetic results at Waimea ^^B^" Kauai. 

DIP. 



Date. 


Needle No. 1 


• 




Needle No. 1 


2. 


N. 


S. 


Mean. 


N. 


S. 


Mean. 


1892. 


/ 


/ 


/ 


/ 


/ 


/ 


Sept. 5 


40 45 


39 54 


40 20 


40 24 


40 16 


40 20 


6 


36 


55 


16 


22 


34 


28 


7 


44 


64 


24 


36 


20 


28 



DECLINATION, DIP, AND INTENSITY. 



Date. 


Scale reading 
of axis. 


Declination 

(east). 


Mean dip. 


Horizontal 
intensity. 


Magnetic 
moment. 


1892. 
Sept. 5 
6 

7 




/ 

9 42-6 
49-2 

47 -o 


/ 

40 20 -O 
22 -O 

26-0 


Dyne. 
6-2934 
02933 
0-2926 


1240 
124-0 
124-0 



NONOPAPA, NIIHAU. 

It was originally intended to close the season's work witn me stations 
on Kauai, but as it was necessary to wait several days for the return 
steamer, the time was utilized by going to Niihau and getting a few 
observations on this island. It is the most western one of the Hawaiian 
group, and is rarely visited. Our magnetic observations are undoubt- 
edly the only ones ever made on the island, and it was fortunate that 
the occasion presented itself for even one day's work. The conditions, 
however, were not very favorable. During the entire stay the wind 
blew violently, which precluded the possibility of determining the axis 
of the magnet and made all the observations extremely diflBcult. The 
station occupied Avas 350 feet distant from the large crane at the land- 
ing. The direction from the crane to the magnetic station was south 
180 east. 
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Date. 


Needle No. i. 


Needle No. a. 




S. 


Mean. 


N. 


1 

S. Mean. 


1892. 
Sept. 9 


/ 
41 01 


/ 
40 08 


/ 
40 34 


/ 

40 35 


/ 
40 51 


/ 
40 43 



DECLINATION, DIP, AND INTENSITY. 



Date. 


Scale reading 
of axis. 


Declination 
(east). 


Mean dip. 


Horizontal 
intensity. 


Magnetic 
moment. 


1892. . 
Sept. 9 




/ 
10 01 *4 


/ 
40 385 


Dyne. 
02928 


125-4 



MOUNT HAMILTON, LICK OBSERVATORY, CALIFORNIA. 

Leaving Honolulu at noon on September 14, we arrived at San Fran- 
cisco at 1 p. m on the 21st. Passing the instruments through the cus- 
tom-house and repairing the air chamber of the pendulum apparatus 
consumed several days, and on the 26th I left for the Lick Observatory 
in order to connect this station with the work done outside of the 
United States. Moreover, this station had been occupied several times 
for the determination of the force of gravity, both with the long and 
short pendulums, and it was desirable to check this work as well as 
to swing the pendulums used in the Hawaiian Islands under excep- 
tionally favorable conditions as regards temperature and clock correc- 
tions. Observations were made on September 28, 29, and 30. The 
work was much facilitated by the kindness of the director. Professor 
Holden, a separate time correction being made by Mr. Campbell for 
our use. 
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U. S. COAST AND GEODETIC SURVEY. 



Pendulum observations, Mount Hamilton^ California, 
[Observer: E. D. Pre^toii.] 



Pen- 
du- 

lum. 



B, 



B, 



B, 



Posi- 
tion. 



D 
I) 
D 
R 
R 
R 
D 

D 
D 
R 
R 
D 
D 

D 
D 
R 
R 
D 
D 



Swing. 



*I 
2 

3 

4 

5 
6 

7 

8 
9 

lO 

II 

12 

13 

H 

15 
i6 

17 
i8 

19 





No. of 

• 


Time of 


Semi 


-arc. 


Tem- 


Date. 


coin- 
cidence 


ten coinci- 
dence 


1 


pera- 




intervals. 


intervals. 
Seconds. 


Initial. 
mm. 


Final. 
mm. 


ture. 


1892. 


°C 


Sept. 28 


12 


28433 


[5-21 


3-8 


16-15 


28 


26 


2836-3 


5 4 


27 


1615 


28 


24 


28385 


5-4 


2-7 


16-20 


28 


26 


2831 -2 


5-2 


2-6 


16-40 


28 


25 


2836 I 


4-5 


2-1 


i6-6o 


28 


6 


2823 3 


49 


4 4 


1675 


28 


22 


2823-6 


5-0 


2-7 


16-65 


29 


26 


3185-2 


41 


1-8 


14-62 


29 


16 


3169-4 


51 


30 


14-67 


29 


22 


3181-6 


50 


2-7 


14-72 


29 


2-4 


3179-6 


50 


2-6 


1477 


29 


16 


3167-2 


5-0 


30 


1477 


29 


18 


3»75o 


5-0 


30 


14-47 


30 


18 


35094 


4-6 


2-4 


12-56 


30 


20 


3500-2 


51 


2-5 


12-66 


30 


20 


34790 


5-0 


2-5 


12-81 


30 


18 


34764 


5-0 


2-6 


12-86 


30 


28 


3493*4 


50 


1-8 


13-06 


30 


20 


3492 5 


50 


27 


12-86 



Manom- 
eter. 



mm. 
119 
109 
123 
124 
127 

>39 
108 

>34 
129 

132 

>37 
130 

133 

130 

136 
129 

130 
128 
132 



Barom- 
eter. 



fnm, 

653« 

6539 

6543 
654-0 

6535 
653-0 

652-0 

653-6 
6540 

6538 
6530 

6525 

6525 

656-0 
6566 
657-0 

6574 
657-6 

6578 



Pressure 
ato'C. 



mm. 
502-9 

5131 
500*2 

498-6 

494*9 
482-8 

511-7 

491-9 

497 o 
493*8 
488-2 

494*4 
492*0 

501-9 
4965 

503*3 
502-6 

504*4 
501 -I 



* Swing No. 1 rejected by observer. 
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EeducHon of pendulum ohsei'vaiions. Mount Hamilton, California. 
[Periods rednced to temperature, 15° C; pressure, SOO"" at 0° C; arc infinitely' small; sidereal time.] 



Period uncorrected.' 


Corrections (in seventh decimal p 


ace). 


Period corrected. 






V 






Arc. 


Temperature. 


Pressure. 


Rate. 




• 
Seconds. 










Seconds. 


0500 8808 


-71 


-48 


— 2 


+247 




8829 


-56 


-48 


— 10 


+247 


0-500 8962 


8823 


-56 


- 50 





+247 


964 


8846 


-52 


- 58 


+ I 


+ 247 


984 


8830 


-37 


66 


+ 4 


+ 247 


978 


8870 


-76 


- 73 


+ 14 


+247 


982 


8869 


-51 


68 


— 9 


+ 247 


988 


976 


0-500 7861 


—29 


4- 16 


4- 6 


+ 246 


0-500 8100 


7900 


-57 


+ 14 


+ 2 


4-246 


105 


7870 


-51 


+ 12 


+ 5 


+246 


082 


7875 


—49 


f 10 


+ 9 


+246 


091 


7906 


-56 


+ 10 


+ 4 


+ 246 


IIO 


7886 


-56 


-)- 22 


-h 6 


4-246 


104 


096 


0-5007134 


-42 


4-IOI 


— I 


4-266 


0500 7458 


- 7153 


—49 


+ 97 


+ 3 


-1-266 

• 


.470 


7196 


-48 


+ 91 


— 3 


4-266 


502 


7202 


—49 


+ 89 


— 2 


4-266 


506 


7167 


-38 


+ 81 


— 3 


4-266 


473 


7168 


-51 


+ 89 


— I 


4-266 

• 


471 


486 



SUMMARY. 



Pendulum Bi 
B, 
B3 



0-6008976 
0-5008096 
0-5007486 
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U. S. COAST AND GEODETIC SURVEY. 



BAKOMETBIC DETERMINATION OF THE HEIGHTS OF WAIMEA, 

KALAIEHA, AND WAIAU. 

Meteorological observations were made duriug the month of July as 
a check on the heights determined trigonometrically. A barometer 
was read at Hilo, near the sea level, on the windward side of the island, 
simultaneously with similar observations at the three stations men- 
tioned above. In addition to this, Prof. A. B. Lyons, of Oahu College, 
made readings at Waimea, from July 18 to July 27, which furnish 
independent values for the elevations sought. The observations were 
made at 9 a. m., 3 p. m., and 9 p. m. At Waimea the station occupied 
by myself was not identical with that of Professor Lyons, so there is 
no check on the result for this place; but by combining the Waimea 
observations with the continuous ones at Hilo, and with those made on 
the mountain during its occupancy, two very concordant independent 
values are obtained for Kalaieha and Waiau. Barometer Green No. 
3380 was carried to the summit, and No. 3353, also by Green, was used 
by P-rofessor Lyons. An intercomparison of all the instruments used 
showed an agreement within one hundredtli of an inch in the readings 
when under the same conditions. The station occupied by myself at 
Waimea was Mr. W. L. Vredenburg's house. Professor Lyons observed 
at the " Lyons Mansion," which is presumably about 50 feet higher. 
At Kalaieha the readings were made at the northwestern cottage, 
about 100 feet east of the pendulum station, and approximately on the 
same level. 

The barometer was hung in the tent at Waiau and was 3 feet higher 
than the surface of the lake. The Hilo observations were made some 
distance from the sea, and the elevation of the station is given as 100 
feet, although I believe this is only an estimated value. The reduc- 
tions were made by means of the Smithsonian Meteorological Tables 
(edition of 1893) and gave the following results: 

Differences of height. 



Differences of height between— 


Dates of obser- 
vation. 


Number 
of read- 
ings. 


Proba1)le 

error of 

mean. 


Difference 
in feet. 


Waimea <V^ and Hilo 
Waimea (L) and Hilo 
Kalaieha and Hilo 
Waiau and Hilo 
Kalaieha and Waimea (L) 
Waiau and Waimea (L) 


July 7 to II 
l8 to 25 
13 to 18 
21 to 25 
18 and 27 
21 to 25 


II 

13 
18 

14 

4 
12 


Feet. 

3 

5 
18 

23 

13 
27 


2632 
2672 
6700 

I 3233 

4033 

10557 
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From the above table we derive the elevations above Hilo as follows: 



Station. 


Observer, 
A. B. Lyons. 


Observer, 
E. D. Preston. 


Mean. 


Kalaieha 
Waiau 


Feet, 

6705 
I 3229 


Feet, 
6700 

13233 


Feet. 
€702 

I 3231 



The triangulation made by Professor Alexander (based on the eleva- 
tion of Mauna Kea primary trigonometrical station) gave the following 
results: 

Feet. 

Manna Kea 1'^ A (abov« mean tide from previous triangulation) 13760*0 
<< " 2^y A (by leveling from above) 13804-6 

Summit A 13810-0 

Peak A = Poliahu 13646-5 

" B 13468-6 

Waiau astronomical station 13041*4 

" Lake 13040 

" crater A (on out.er bank of crater) 13179-4 

Lilinoe 12996*5 



Kalaieha latitude station 
Keonehehee 



6713-6 
11513 
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U. S. COAST AND GEODETIC SURVEY. 



The following tables give a sommary of the results for the entire 
season's work: 

Abstract of magnetic declination observations. 



Station. 



WaikikiyOahu 



Kahuku,Oahu 



Honolulu 



Kawaihae, 
Hawaii 



Waimetf, Ha- 
waii (west 
base) 

Waimea, Ha- 
waii (Lyons 
1872) 



Kalaieha, Ha- 
waii 



Date. 


Scale 
readings 
of mag- 
netic 
axis. 


l89I-'92. 
Aug. II 
12 

13 


d. 
2872 
2880 


Mean 


2876 


Nov. 25 
26 

27 


29-34 


Mean 


29-34 


June 2 

3 
4 


29*12 
29 'CX) 


Mean 


29*06 


July I 

2 

3 


29*18 
28*88 


Mean 


29*03 


July 8 




9 
II 





Mean 





July 14 
15 


29-06 


Mean 


29-06 



Magnetic 
declination. 



10 05 -3 
04-9 

05-3 



10 


05-2 


10 


16-4* 
130 

147 


10 


147 


10 


147 
174 

16 7 


10 


16-3 


9 


18.7 
20-5 
22-5 


9 


20-6 


8 


50-0 


9 


030 
04-2 


9 


03-6 


9 


531 
52*1 



9 526 



Station. 



Waiau (sum- 
mit of Mau- 
na Kea) 



Hilo, Hawaii 



Napoopoo, 
Hawaii 
(Captain 
Cook's sta- 
tion, 1779) 

Lahaina, Ha- 
waii ( D e 
Freycinet ' s 
station 1 8 19) 



Waimea A, 
Kauai 



Waimea B, 
Kauai 



Nonopapa,Ni- 
ihau 



Date. 



1892. 
July 21 
22 

24 
Mean 

July 30 

31 

Aug. I 

2 

Mean 

Aug. 18 

19 
20 

21 
Mean 

Aug. 23 
24 

25 

Mean 

Sept. 2 

3 

Mean 

Sept. 5 
6 

7 
Mean 

Sept. 9 



Scale 

reading 

of mag 

netic 

axis. 



Magnetic 
declination. 



30 

20 


•02 
•24 



10 


21*0 


7 




24-4 


__^ - 




29 


•63 


10 


22*7 




8 


26*1* 


29 
28 


•00 

•76 


25-3 

i8*9 
19*4 






28*88 


8 


22*4 


28 


•30 


9 


09*2 

^o*9 


28 


•38 


05 7 
06*6 


-- _ 




28 


•34 


9 


08-1 


— 


— 


9 


081* 
09-9 


28 


•42 


o8*8* 


28 


•42 


9 


08 9 


28 


•58 


10 


038 
03-2 


"""" 




28 


•58 


10 


035 




9 


42*6 




49 '2 




47-0 






— 





9 


463 


- - — - 


10 


01*4 



* Only a. m. or p. m. observations. 
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Abstmct of results of magnetic dip observations. 



Station. 


Date. 


Dip by needle No 


. I. 


Dip by needle No. a. 






















N. 


S. 


N.-S. 

/ 


Mean. 


N. 


s. 


N.-S. 

/ 


Mean. 




1891-92. 


/ 


/ 


/ 


/ 


/ 


/ 


Waikiki, Oahu 


Aug. 11 


40 08 


39 29 


+39 


39 48 


39 51 


40 02 


—II 


39 56 




12 


14 


28 


+46 


51 


40 10 


01 


+ 9 


40 06 




13 


20 


28 


+52 


54 


39 50 


06 


16 


3958 


Kahuku, Oahu 


Nov. 25 


42 01 


41 01 


-1-60 


41 31 


41 34 


41 20 


+ 14 


41 27 




26 


41 34 


05 


i-29 


20 


26 


28 


— 2 


27 




27 


41 


07 


+34 


24 


12 


38 


26 


25 


Honolulu 


June 2 


41 02 


40 10 


+ 52 


40 36 


40 42 


40 54 


— 12 


40 48 


A 


3 


40 55 


13 


+42 


34 


34 


46 


—12 


40 


w 


4 


41 10 


22 


+48 


46 


46 


52 


6 


49 


Kawaihne, Hawaii 


July I 


38 32 


37 46 


+46 


38 09 


38 04 


38 15 


— II 


38 10 




2 


42 


48 


+ 54 


15 


05 


14 


— 9 


10 




3 


37 


41 


+56 


09 


13 


16 


- 3 


14 


Waimea (west base), 


8 


39 32 


38 15 


+77 


38 54 


3830 


38 25 


+ 5 


38 28 


Hawaii 




















Waimea (Lyons' 72), 


9 


3838 


04 


+34 


21 


20 


29 


— 9 


24 


Hawaii 


• 


















Waimea (Lyons '72), 


II 


55 


34 


+21 


44 


18 


28 


—10 


23 


Hawaii 




















Kalaieha, Haw^aii 


14 


39 12 


38 23 


+49 


38 48 


38 50 


38 50 





38 50 




15 


09 


34 


+35 


52 


39 


43 


— 4- 


41 




16 


14 


19 


+55 


46 


53 


46 


+ 7 


50 


Waiau (summit of 


21 


39 00 


38 09 


+51 


38 34 


3842 


38 14 


+28 


38 28 


Mauna Kea) 


22 


38 57 


13 


+44 


35 


24 


38 


—14 


3« 




23 


54 


17 


+37 


36 


41 


42 


— I 


42 


Hilo, Hawaii 


30 


39 43 


39 03 


+40 


39 23 


39 H 


39 23 


— 9 


39 18 




31 


39 


04 


+35 


22 


20 


32 


— 12 


26 




Aug. I 


50 


12 


+38 


31 


25 


15 


+ 10 


20 


Napoopoo, Hawaii 


18 


37 56 


37 22 


+34 


37 39 


37 44 


37 34 


+ 10 


37 39 


(Captain Cook's 


19 


46 


36 57 


+49 


22 


22 


46 


—24 


34 


station, 1779) 


20 


38 08 


37 10 


+58 


39 


54 


30 


+24 


42 


Lahaina, Maui (De 


23 


39 43 


38 24 


+79 


39 04 


39 24 


39 22 


+ 2 


39 23 


Freycinet's station, 


24 


48 


49 


+59 


18 


32 


36 


— 4 


34 


1819) 


25 


50 


51 


+59 


20 


28 


30 


— 2 


29 


Waimea A, Kauai 


Sept. 2 


40 48 


39 35 


+73 


40 12 


40 13 


40 25 


— 12 


40 19 




3 


56 


48 


+68 


22 


28 


29 


— I 


28 


Waimea B, Kauai 


5 


40 45 


39 54 


+51 


40 20 


40 24 


40 16 


+ 8 


40 20 




6 


36 


55 


+41 


16 


22 


34 


— 12 


28 




7 


44 


40 04 


+40 


24 


36 


20 


+ 16 


28 


Nonopapa, Niihau 


9 


41 01 


40 08 


+53 


40 34 


.40 35 


40 51 


16 


40 43 
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Summary of magnetic dip. 



Station. 



WaikikiyOahu 



KahukUyOahu 



fTonolulu 



Kawaihae, 
Hawaii 



Waimea (west 
base) 

Waimea (Ly- 
ons, '72) 

Waimea (Ly- 
ons, '72) 



Kalaieha, Ha- 
waii 



Date. 


Needles 
1-2. 


1891-92. 
Aug. II 
12 


8 
—15 


13 


— 4 




Mean 


Nov. 25 
26 


+ 4 
— 7 


27 


— I 




Mean 


June 2 

3 
4 


— 12 

6 

3 




Mean 


July I 

2 


— I 

+ 5 


3 


- 5 




Mean 


8 


+26 


9 


— 3 


II 


+21 




Mean 


14 

15 
16 


— 2 

+ 11 

- 4 




Mean 



Dip. 



39 52 o 

58-5 
560 



39 


55 5 


41 


29-0 

235 
24-5 


41 


257 


40 


42-0 

370 

47*5 


40 


42-2 


38 


09.5 
12.5 
II-5 


38 


II-2 


38 


41-0 



38 22 5 

33-5 



38 28-0 



38 49 o 
465 
48 o 



38 47-8 



Station. 



Waiau (sum- 
mit of Mau- 
na Kea) 



Hilo, Hawaii 



Napoopoo, 
Hawaii 
(Captain 
Cook's sta- 
tion, 1779) 

Lahaina,Maui 
<(De Frey- 
cinet's sta- 
tion, 1 819) 

Waimea A, 
Kauai 



Waimea B, 
Kauai 



Nonopapa, 
Niihau 



Date. 



1892. 
July 21 
22 

23 



30 

31 

Aug. I 



18 

19 
20 



23 
24 
25 



Sept. 2 
3 



5 
6 

7 



Needles 
1-2. 



+ 6 

+ 4 

— 6 

Mean 

-f 5 

— 4 

+ 11 

Mean 

o 
— 12 

-18 



— 9 



Dip. 



38 31 o 

330 
390 



38 34*3 



39 20 5 
24-0 
255 



39 23 3 



37 390 
280 

405 



Mean 


37 


35-8 


— 19 
16 

9 


39 


135 
26*0 

245 


Mean 


39 


21 3 


— 7 
6 


40 


15-5 
25 


Mean 


40 


20 -2 



—12 

— 4 


40 


20 -o 

22 -O 
26-0 


Mean 


40 


227 



40 38-5 
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Abstract of magnetic horizontal intensity obsei'vations. 



Station. 



WaikikijOahu 



Kahuku^Oahu 



Honolulu 



Kawaihae, 
Hawaii 



Waimea (west 
base) 

(Lyons, '72) 

Hawaii 
(Lyons, '72) 



Kala ieha, 
Haw^aii 



Date. 



i89i-*92. 

Aug. II 
12 
13 

Mean 

Nov. 25 
26 
27 
27 



Hori- 
zontal 

intensi- 
ty =^ 

(C.G.S. 
units). 



•2979 

71 
92 



•2981 



•2932 
31 

40 



Mean "2938 



June 2 

3 
4 

Mean 

July I 
2 

3 
Mean 

July 8 



•2954 

47 
51 



■2951 



•30c I 



Magnetic 
moment=i» 
of intensity 
magnet (C. 
G. S. units). 



129*8 
•9-6 

9 4 



129-6 



1293 
8-6 
8-6 

«-3 



1287 



127-9 

7 9 
7*9 



127-9 



25 
10 



129-4 
8-2 
7-8 



•301: 



128-5 



II 
Mean 

July 14 

15 

Mean 



-2966 



-2978 
86 



-2982 



•2949 
58 



128-0 



129-3 
8-4 



128-8 



128-5 
8-1 



•2954 



128-3 



Station. 



Waiau (sum- 
mit of Mauna 

Kea) 



Hilo, Hawaii 



Napoopoo, 
Hawaii 
(Capt ain 
Cook's sta- 
tion, 1779) 



Lahaina, Maui 
(De Frey- 
cinet's sta- 
tion, 181 9) 



Waimea 
Kauai 



Waimea 
Kauai 



A, 



B, 



Nonopapa, 
Niihau 



Date. 


Hori- 
zontal 
intensi- 
ty =// 
(C.G.S. 
units). 


1892. 
July 22 

23 
23 


•2950 
50 
50 


Mer.n 


•2950 


July 30 

31 

Aug. I 


•3064 
64 

57 


Mean 


•3062 


Aug. 18 

19 

20 


•3035 

27 
II 


Mean 

Aug. 23 
24 

25 


•3024 

•2990 
80 
96 


Mean 

Sept. 2 
3 


•2989 

•2886 
79 


Mean 


•2882 


-Sept. 5 
6 

7 


•2934 

33 
26 


Mean 


•2931 


Sept. 9 


•2928 



Magnetic 
moment=Mr 
of intensity 
magnet {C. 
G. S. units). 



123-5 
31 
41 



123-6 


127-0 

7-5 
6-8 


127-1 



124-0 

47 
5-3 



124-7 



124-9 

5 4 
4-8 



125-0 



125-2 

4 9 

125-0 



124-0 
40 

40 
124*0 



125-4 
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Recapitulation ofreauXta of magnetic obaervationa. 



Station. 



Waikiki, Oahu 
Kahuku, Oahu 
Honolulu 
Kawaihae, Ha- 

'WB.ii 
Waimea (west 

base) 
Waimea (Lyons, 

*72), Hawaii 
Kalaieha, Hawaii 
Waiau (summit 
ofMaunaKea) 
Hilo, Hawaii 
Napoopoo, Ha- 
waii 
Lahaina, Maui 
Waimea A, Kauai 
Waimea B, Kauai 
Nonopapa, Nii- 
hau 



Latitude 
(north). 


o 


/ 


21 


16-4 


21 
21 


42-6 
180 


20 


02-4 


20 


02 -I 


20 


02 -o 


19 42-6 

19 49-2 


19 440 
19 29-0 


20 


52*0 


21 
21 
21 


57-0 
57-2 

55 -o 



Longitude 

(west of 
Greenwich), 



157 

>57 
157 
155 



497 
517 

515 

47-6 



155 37-9 

155 37 -o 

155 25 -9 
155 26-8 

155 04 o 

155 59-0 

156 409 
159 420 

159 42-4 

160 13-0 



Date, . 
iSgi-'ga. 


Declina- 
tion (east). 


Dip N. end 

Delow 

horizon. 


Hori- 
zontal 
intensity. 


Total in- 
tensity. 




/ 


/ 


Dyne. 


Dyne. 


Aug. II-I3 


10 05-2 


39 55-5 


0-2981 


0-3887 


Nov. 25-27 


10 147 


41 257 


0-2938 


0-3910 


June 2-4. 


10 16-3 


40 42*2 


0-2951 


0*3892 


July 1-3 


9 20 '6 


38 1 1 -2 


0-3012 


0-3832 


8 


8 50-0 


38 41 -o 


0-2966 


0*3799 


9-1 1 


9 03*6 


38 28-0 


0-2982 


0-3809 


14-16 


9 52-6 


38 47-8 


0-2954 


03790 


21-25 


10 227 


38 34 '3 


0-2950 


0-3761 


30-Aug. 2 


8 22*4 


39 23 -3 


0*3062 


0-3962 


Aug. 18-21 


9 o8-i 


37 35-8 


0-3024 


0-3819 


23-25 


9 08 '9 


39 20-8 


0-2989 


0*3865 


Sept. 2-3 


10 035 


40 20 -2 


0-2882 


0-3753 


5-7 


9 46-3 


40 227. 


0-2931 


0*3848 


9 


10 01-4 


40 38-5 


0*2928 


0-3859 



The geographical positions are given only approximately. That of Nonopapa is uncertain. 

The localities, geographical positions, and elevations of the gravity 
stations in order of their latitude are as follows: 



Station. 


Locality. 


Latitude. 


Longitude. 


Elevation. 


Elevation. 






?>(+) 


A (+) 










/ // 


/ // 


Metres. 


Feet. 


Washington 


Smithsonian Insti- 
tution 


38 53 20 


77 01 35 


10 


34 


Washington 


C. and G. Survey 
Office 


38 53 13 


77 00 31 


14 


45 


Mount Hamilton 


Lick Observatory 


37 20 25 


121 38 35 


1282 


4205 


Honolulu 


Kapuaiwa Building 


21 18 03 


157 51 46 


6 


20 


Waikiki 


J. F. Brown's 


21 16 25 


157 50 01 


3 


10 


Kawaihae 


S. Parker's 


20 02 25 


155 49 36 


2 


8 


Mauna Kea 


Waiau 


19 49 II 


155 28 48 


3981 


13060 


Kalaieha 


Humuula 


19 42 32 


155 27 53 


2030 


6660 
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Tlie followiug tables give a summary of results for each peudolam 
and the wmparative force of gravity for each statiou : 



[ Periods reduced to te 



C: preegare.MO-'-HtO^'C.; Id finitely an 







Pendul^s. 




DiSerences (in Kvea 


ti decimal 


SuUon. 














B, 


B, 


B. 


B,-B, 


B^B, 


B,-B, 




Seconds. 


Stconds. 


Seconds. 








Washinglon* 


O'Soa 7828 


0500 6961 


0-500 6325 


--866 




+'S03 






loois 


09377 


--856 




+1494 


Waikiki hlU 


10823 






--82s 














-877 






Kawaihae 


I "S7 


1 0287 


09622 


-1-870 




+'S3S 


Kalaieha 


I 1946 


I 1067 












13050 


12264 


1 "457 


+786 




+ '593 


Mount Hamilton 


08976 


08096 


07486 


-1-880 


-I-610 


-1-1490 


Washington || 


07794 


06950 


063.3 


+844 


+637 


+.481 



tJunej6,J7.«nd«a.i«9i. 


(Coast and Geodeti 


Survey Oifi 


e,iBs». 




s„„. 


Mean period. 


Relative periods. 


Relative (otce of 
Bravi.y. 


Absolute force 




Seconds. 








Washinpon* 


0500 7026 








9s;; 




Waikiki ('91) 


0501 0088 


1 000 612 




998 776 


Q7M 


902 


Waikiki ('92) 




1000604 






978 








l-ooo 596 






97N 




Kawaihae 


0-501 0355 


I -000 665 




998 670 


078 


71H 


Kalaieha 


0-50I 1155 


,■000825 




998 350 


978 


485 


Waiau 


0-501 2257 


1 -001045 




907909 




35s 


Mount Hamilton 


0-500 8186 


1-000232 


0999 536 


979-646 



The pendnlam observations made on the Island of Hawaii enable ns 
to calculate the mean density of Mauna Kea from an assumed value tor 
the earth's meau density; or, accepting a density of the mountain 
derived from a study of the rocks, we may reverse the problem and 
obtain a value of the meau density of the earth. Au attempt will now 
be made to atilize the precediug results in both of these ways. 

THE BENSITY OF MAUNA KEA AND THE MEAN DENSITY OF THE 

EARTH. 
The formula usually employed in the treatment of the change of the 
force of gravity with elevation is: 

(1) 



g rV 4 Ay 



where g = the force of gravity at the sea level, 
k = the elevation, 
r = the radius of the earth, 

3 s the density of the mountain or table-land, and 
A = the mean density of the earth, 
i. Ex. 19, pt 2 — 10 
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This formula is derived by combining the earth attraction, varying 
inversely as the square of the distance, with the attraction of the mat- 
ter lying between the sea level and the upper station. Certain sup- 
positions are made in regard to the form of this exterior matter and it 
has been generally considered a sufficient approximation to regard all 
the matter as equivalent to that contained in a plain of infinite extent 
and of a thickness equal to the elevation {h). Whether this supposition 
is admissible depends, of course, on the relation between vertical and 
horizontal dimensions of the intervening mass. If we suppose this to 
be of a conical form, the above term dei)ending on the attraction of the 
plain must receive the correction 

3 f? _ h 
+ 4 A VJi' + a' 

where (a) is tlie radius of tlie base. 

This expression reduces to zero for an infinite value of (a) in which 
we have the previous case of an infinite ])lain. For a = o the entire 
etlect of the intervening matter disappears, as it should do in the for- 
mula. The expression for the differential of gravity at the summit of 
a conical mountain w^ould therefore be: 

2h /^^ 3 6 3 6 h \ ' ,^. 

2 7t A 3 6 3 6 

where (ft) is the semivertical angle of the mountain. When (a) is very 
large, comj^ared with (/t), the correction for a paraboloid is jj and that 
for a sphere is ^ that given above.* Since from the nature of the case 

(h) is always smaller than (a), the quantity -7-,.; 2 ^® i^^ver equal to 

unity, and the total effect of the last two terms must be essentially 
positive, and we have a greater value for gravity in the case of the 
cylinder than for the paraboloid, and a greater one for the i^araboloid 




than for the cone. In the figure, gravity at (Q) would be diminished 
by passing to (P) (if no intervening matter existed) by 

— q = correction for distance. 



* Helmert, ji. 172, II Tlieil. 



% 
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If we interpose the iiifiuite plain (a h c d)j gravity at (P) will be 
increased by 

— f/ .- — = correction for plain. 

Since (S) is always less than (A), the combined effect of these two 
terms will be essentially negative. The difference between the effects 
of the plain and the cone is seen in the last term, and the total influence 
exerted by matter equal in volume and position to that generated by 
the revolution of the trapezoid (a F s d) around (P Q) would be: 

_2h 3 d h 

Since (a) is always very much greater than (/t), the expression 

-T- _ - is a small fraction, and the combined effect of the last two 

terms will be of the same sign as the first one of them; that is, their 
effect will be essentially positive. This is as it should be, and shows 
that the effect of this matter is to increase gravity at (P), whereas the 
effect of the first two terms would necessarily be to diminish gravity 
at the same point, except in the extraordinary case where the infinite 
plain should be one-third as heavy again as the average earth matter. 
A uniform density of 7*56 in an infinite plain immediately under the 
station would exactly counterbalance the diminution of gravity on 
account of distance. The negative sign attributed to the last term 
must not be interpreted as meaning that the actual effect of this matter 
is to diminish the value of gravity at (P). It rather means that, the 
general effect of the plain being to increase gravity at (P), the influence 
of {a F 8 d) comes in here as expressing the difference between the 
efl'ects of the plain and cone, and that the plain effect must be dimin- 

ished by T^ -r- . ., in order to get the cone effect. In fact, the 

parenthetical i)art of the actual plain effect being -f .. — , and that 

of the volume (a F s d) being + v —r —,---^ ^^.i their difference, or 

^ ^ ^ 4 A ^7^2 + d^- ' 

+ ^ — — J — y g — .J, gives the actual effect for the cone as expressed 

in (2). For a mountain 2'5 miles high and having a radius of base 

n 1 

equal to 30 miles ^p- 2=19 (^^^^^y)? so that it makes an essential 

difference whether we treat the mountain matter as a cone or as a 
plain. In this case the effect is changed by its one-twelfth part. 

The formula V = — ^ ( 1 — JX ) ^^® ^^^^ been known as Young's 
Eule, although it first api)eared in 1749, in Bouguer's work, ^'La Figure 
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de la Tcrre." He makes the assumption that A = 2 (^, from which the 

total diminution of gravity on account of distance and mass would be 

5h 

g -. This correction has continually been ai>plied in the treatment of 

mountains and table-lands by most modern observers. There has been 
some question whether this formula is the proper one to use, or whether, 
indeed, any correction at all should be made for continental attraction. 
It has been assumed that the whole cone of matter (Pst) might be 
brought down by compression to the line {d c) without materially alter- 
ing the shape of the sea level. That is to say, that the vertical attrac- 
tion at the jioint (P) before compression is approximately equal to that 
after compression . In other words, the intervening matter h as no effect. 
This assumption has evidently been made in view of the earlier meas- 
urements of the force of gravity, which seemed to show a very small 
density for mountains. Two notable cases of this are, first, the Andes,* 
which appear to be not much heavier than ice, and the Island of Ascen- 
sion, where the observed force of gravity at the sea level was actually 
less than that at the summit of Green Mountain,! indicating that the 
downward attraction of all the matter above the sea level was insig- 
nificant. These remarkable results have not always been confirmed by 
later observers, and recent work calls for a different interpretation of the 
effect of this matter. The condensation theory proposed by Professor 
Helmert, in his ''Die Mathematischen und physikalischen Theorieen 
der hoheren Geodiisie," makes it possible to treat pendulum observations 
in a way more consistent with the results of modern observations, and 
by so doing to derive a much more trustworthy value for the earth's 
ellipticity. Just how particular forms modify the density deduced for 
the mass lying between the sea level and the upper station is shown by 
the following table, which has been calculated for Kalaieha, at an ele- 
vation of G 6G0 feet. The mean density of the earth is assumed as 5-67. 
The diminution of gravity in passing from Kawaihae (elevation 8 feet) 
to Kalaieha is 0-000 320 g (g being the value at the vsea level). 

* La Figure de la Terre, par M. Boiiguer, Paris, 1749, p. 362. 
t Memoirs Royal Astronomical Society, Vol. vii, p. 60. 
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• 

Figure. 


Radius of base in 


miies. 


lO 


IS 


20 


25 


30 


Density. 


Cone 

Spherical segment 

Cylinder 

Infinite plain 


430 
4-10 

401 


4-10 

3.98 
392 


4-00 
392 

3-87 


396 
3-88 

3-85 


392 
3-86 
384 


375 


375 


375 


375 


375 


* 




Differences for 


varying radius. 


Cone 

Spherical segment 
Cylinder 
Infinite plain 


0-20 

• 0-12 

009 

0-00 


o-io 
o-o6 
0-05 
o-oo 


004 
0-04 
0-02 
0-00 


0-04 
0-02 
001 
0-00 


1 Differences from cone, for varying figure. 


Cone 

Spherical segment 
Cylinder 
Infinite plain 


0-20 
0-09 
0-26 


012 
o-o6 
0-17 


0-08 
0-05 
0-12 


0- 
0- 
0- 


08 

03 
10 


006 

0-02 
0-09 



It is seen that beyond 30 miles the effect of an increase in the radius 
is comparatively insignificant, and that any possible change in the form 
of the matter after this limit is reached can not essentially modify the 
resulting density. The cone and the infinite plain being the extreme 
cases between which all other forms fall, it is worth while to compare 
these two in their effect on the force of gravity for the particular case 
under consideration. The elevation of the pendulum station at Waiau, 
near the summit of Mauna Kea, is 13060 feet. The mountain is gen- 
erally gradual in its ascent, and if we assume 30 miles as the radius of 

h 2-473 ^^^^, 1 

a = 30 = ^-^^2^ = 1-2- 
Without stopping to inquire for the present whether Young's Eule 
gives a density for the mountain which is absolutely correct, for the 
sake of comparing Mauna Kea with other mountains a rigorous for- 
mula is perhaps not necessary. If we consider the matter lying 
between Waiau and the sea level as an infinite plain, as has been done 
in other cases, we arrive at the equation : 



the base, we have = i7^^ = 0*0824 = 



6 = 0-536 A 



Taking the matter as a cone of height 2-47 miles and radius of base 30 

miles, we get: 

6 = 0-584 A 
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Assuming A = 5*58 (Harkness), we have 

for infinite plain ^ = 2*99 
for cone S = 3-26 

Either of these values is much greater than has usually been found for 
other mountains, and the latter one is greater than any of the rocks 
found on the surface. An extensive collection of these rocks vras made 
at different elevations, beginning at Kawaihae, on the leeward side, 
passing to the summit, and finally ending at Hilo, on the windward side. 
In all, 26 specimens were obtained. They have been carefully studied 
by Prof. George P. Merrill, curator of lithology at the Smithsonian 
Institution, who has kindly furnished the following description. The 
points from which they were obtained are indicated in illustration No. 
31. Only 18 determinations of specific gravity were made, as this 
number of specimens seemed to include all the distinct types in the 
collection. 

DESCRIPTION OF SPECIMENS. 

As was the case with samples submitted by yon in 1888,* and as was to be expected 
from papers by Dana and others t on the rocks of these islands, the samples are all 
basaltic lavas, differ'ngonlyindegieesof crystallization, compactness, andtheamount 
of decomposition they have undergone since their extrusion. The essential constit- 
uents of all these rocks are basic plagioclase feldspars, augites, olivines, and grains 
of magnetic iron, together with sporadic microscopic apatites, titanic iron, iron 
pyrites, and the various incipient forms of crystallization to which the convenient 
name of trichites may be applied. A residual glass, due to imperfect crystallization, 
is to be observed in greater or less abundance in nearly all cases. The microscopic 
characteristics of these rocks and their constituent minerals have been so well 
described by the above-mentioned writer that little remains to be done hero but to 
call attention to such of their peculiarities as have a direct bearing upon the subject 
in hand. All stages of crystallization are to be found in the samples submitted, 
from those consisting almost wholly of glass (specimens D and 13), through forms 
carrying sharply angular or beautifully dendritic crystallizations of feldspar, augite, 
and olivine in a glassy base (specimen 14), to those almost wholly crystalline, exhib- 
iting only here and there small interstitial areas of more or less devitrified glass 
(specimens 1, 2, 18, 23, etc.). A like variation is found in other physical properties, 
samples from various sources showing all gradations from highly vesicular (pumice- 
ous) forms (specimens No. 7, 11, 13, 28, 31, 33), so light in some cases as to almost 
float on water, to compact glassy or crystalline varieties showing in the mass a specific 
gravity as high as 3*08 (specimen 2). The following notes on a few characteristic 
specimens will serve to show the general character of the rocks. The specific gravi- 
ties given were made upon powdered material in picnometer flasks : 

No. 1. A dark blue-gray rock, weathering brownish, only slightly vesicular, and 
showing no crystalline secretions sufficiently developed to be visible to the unaided 
eye. In the thin section it shows an abundance of lath-shaped plagioclases, thickly 
crowded together ; numerous imperfectly outlined black and opaque areas, assumed 
to be altered augites, and an occasional yellowish-red, badly altered olivine. The 
ground mass is full of black opaque matter and brownish decomposition products. 
Specific gravity, 2'82. 

* See App. 14th Kept. U. S. Coast and Geodetic Survey for 1888, p. 529. 
tSee Characteristics of Volcanoes, by J. D. Dana, pp. 318-354. 
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No. 2. A compact dark-gray rock, with occasional small vcRicles and showingphe- 
nocrysts of feldspar and occasionally augite of such size as to Le visible to the 
naked eye. In the thin section abundant basaltic angites in irregular granular 
forms, interspersed with lath-shaped plagioclases, form the chief characteristics. 
There is the usual sprinkling of granules of iron ore, and an occasional rather small, 
rounded bleb of olivine. The augites and plagioclases occur in crystals of two gen- 
erations. The amount of interstitial glass is proportionally small. Specific gravity, 
308. 

No. 5. A dark-gray vesicular rock, weathering brownish, and containing a com- 
paratively large amount of iron pyrite. In the section a dense base of iron ores and 
small augites and plagioclases, with an abundant si)rinkling of augite, olivine, and 
plagioclase phenocrysts. Specific gravity, 2*9. 

No. 7. A finely vesicular, almost pumiceous, nearly black rock, without macro- 
scopic constituents. In the section a dense and very opaque, partially devitrified, 
glassy base, carrying scattering phenocrysts of plagioclase, olivine, and augite. 

No. 9. A finely vesicular, nearly black rock, with only an occasional grain of pyrite 
recognizable by the unaided eye. Under the microscope like 7, but with only feld- 
spar phenocrysts. Specific gravity, 2*79. 

No. 10. A compact, finely vesicular, r. early black rock, without macroscopic con- 
stituents. Under the microscope a dense, almost opaque ground mass, crowded full 
of granules of iron ore and lath -shaped plagioclases. Neither augites nor olivines 
seen in the single section examined. Specific gravity, 2*79. 

No. 12. A dark-gray, nearly black, finely vesicular rock, without macroscopic con- 
stituents. Under the microscope shows only small feldspar microlites in a ground 
mass consisting of dark, smoky, brown glass and innumerable black opaque gran- 
ules of iron ore. Between crossed nicols are seen occasional brilliantly polarizing 
particles, evidently olivine and augite, but too small and imperfect for absolute 
determination. 

No. 14. In macroscopic characters like the last, but a trifle more vesicular, and 
with more vitreous luster; weathers brown. Under the microscope a yellow- brown 
glass, thickly studded with clear, colorless, sharply outlined plagioclases, olivines, 
and iron oxides. Specific gravity, 2*73. 

No. 16. A compact, dark blue-gray rock, without macroscopic constituents, and 
showing in the sections under a power of 180 diameters a very dense ground mass in 
the form of a microgranular aggregate of minute grains of magnetic iron and nearly 
colorless silicates, bearing rarely greatly elongated plagioclases. The iron ore is so 
prominent a constituent that pieces of 0*03 gram weight were taken up by an ordi- 
nary horseshoe magnet. A rough analysis yielded — 



SiO, 


40-02 


AlgOa and FegOs 


32-80 


CaO 


I0-20 


MgO 


5-19 


KaO 


0-96 


Na^iO (by difTcrence) 


5-19 



100-36 

Specific gravity in bulk, 2*99; in powder, 3*02. 

No. 17. Dark gray, nearly black, coarsely vesicular, with a few macroscopic 
olivines. In the section a black, smoky glass, full of iron ores and bearing abun- 
dant plagioclases in all stages of develoiDment and more rarely olivines. Specific 
gravity, 2*73. 

No. 18. Compact, dark gray, with only an occasional small cleavage face of a feld- 
spar sufficiently developed for determination by the unaided eye. Under the micro- 
scope a normal basalt, almost holocrystalline. Specific gravity, 2*83. 
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No. 19. A browniflb-red, vesicular, somewbat vitreous rock, sbowing niider tbe 
tnicroscope a red nud very opaque glassy base witb numerous plagioclases. 

No. 20. A brow'iiisb vesicular rock, sbbwing under tbe microscope characters very 
similar to the last. 

No. 23. A compact black rock, without macroscopic constituents. In the section 
a brown-black glass, injected with iron oxides and beai'ing numerous plagioclases 
and small colorless olivines. Augites quite inconspicuous. Specific gravity, 2*8. 

No. 24. A close-grained dark-gray rock, showing to the naked e^^e only minute 
elongated white specks suggestive of feldspars. Under the microscope like 23* 

D. A nearly black, highly vesicular rock, with frequent inclosutes of l)yrite. 
Under the microscope a yellow-brown glass with occasional large and small olivines 
and more numerous feldspars. Specific gravity, 2*88. 

In connection with the above the following remarks may be of interest. It is a 
conimonly accepted principle among petrologists that, the composition of the magma 
being the same, the physical properties of any eruptive rock are largely controlled 
by the conditions of cooling and crystallization, rapid cooling being conducive to 
the production of glassy or microcrystalline forms, while a more complete and, as a 
rule, coarser crystallization is developed when the cooling is more gradual. As, 
moreover, the conditions which govern the rate of cooling of a molten magma are 
mainly those of pressure from superincumbent matter — material being the same — it 
becomes at once apparent that those portions of any magma which are deeply buried 
will be the more highly crystalline. The vesicularity and consequent specific gravity 
(in bulk) of a lava is to a certain extent controlled by similar conditions, since this 
vesicularity is due to the expansion of moisture in the magma ; hence the amount of 
moisture being the same, the superficial portions will be the more highly vesicular. 

Further, it has been shown, the magma being the same, the glassy varieties of any 
rock are less dense than those which are crystalline. The variations are usually 
slight, but, as given in the published descriptions, are found to be from 0*1 to 0*3 
greater in the holocrystalline than in the glassy forms.* At depths greater than 
have yet been rendered accessible it is possible to conceive of a still further conden- 
sation, due to a possible existence of the iron in a metallic state. Our knowledge 
of the physical conditions of rock masses imder conditions of heat and pressure such 
as must exist at great depths is as yet too incomplete to afford data for anything more 
than speculation.! From what has been said above regarding the effects of pressure 
upon the physical conditions of a rock it will appear that the deeper-lying portions 
may be relied upon to show a greater specific gravity — the magma remaining the 
same — than do the superficial portions. It is obvious, therefore, that determinations 
on specific gravity on the samples submitted can be regarded merely as suggestive. 
Such determinations as I have made were, with one or two exceptions, as will be 
noticed, done by means of a picnometer fiask, the material being first broken into 
small bits and weighed after the exhaustion of the air by means of a pump. The 
results may be regarded as in all cases a trifle under the true specific gravity of the 
material, since there is little probability that all the air included in the pores 

* Thus, an average of 23 determinations of specific gravity of crystalline and semi- 
crystalline basalt, as given in Teall's British Petrography, shows a mean of 2*86, 
with extremes of 2*75-3*10, while 9 determinations on basalt glass gave a mean of 
2*71 with extremes of 2*69-2-76.'^ (British Petrography, by J. J. Harris Teall, 
London, 1888.) 

iThe presence of metallic iron in the basalt of Ovifak serves to illustrate the 
possibility of occurrence of this sort, although unfortunately we are not able to say 
definitely that this may not be a superficial phenomenon due to a reduction of the 
preexisting ores by carbon rather than original metallic iron from the earth'a 
interior^ 
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and venicles was wholly removed. Below are the results obtained in the method 
described : 



Specimen No. i. 


Specific gravity 


2-82 


n 


No. 2. 






308 


<( 


No. 4. 






2-90 


(i 


No. 5. 






2:90 


t( 


No. 9. 






279 


ti 


No. 10. 






276 


tt 


No. II. 






2-84 


i( 


No. 13. 






2*27 (in powder) 


(< 


No. 13. 






2*12 (in bulk) 


(( 


No. 14. 






273 


(( 


No. 16. 






3 '02 (iri powder) 


ti 


No. 16. 






2*99 (in bulk) 


(( 


No. 17. 






273 


(< 


No. 18. 






2-83 


(t 


No. 23. 






2 -80 


tt 


D. 






2-88 


tt 


No. 13. 






2 -GO (other part of piece) 


ft 


No. 33. 






170 



The mean of the preceding values is 2*7. This, according to Profes- 
sor Merrill, may be slightly under the true value. A specimen from 
the Island of Hawaii not included in the above collection gave a value 
of 3'2. In Prof. E. S. Dana's "Contributions to the Petrography of 
the Sandwich Islands,'' in the American Journal of Science, June, 1889, 
the results of a number of determinations of specific gravity are given 
from the same island. Seven specimens of basalt gave values varying 
from 2*82 to 3*00 (page 442). Another group of seven determinations 
furnished examples of even heavier lava, varying from 3'00 to 3*20 (page 
447). If we take the mean of the above values Ave get a specific gravity 
of 2'90 for the specimens on the Island of Hawaii. Mauna Kea has the 
form of truncated cone, so that its effect on the force of gravity at its 
summit would be intermediate between that of a cone and an infinite 

plain. As the difference between the ratios of — for the two forms is 

only about one-twelfth of the value of either, a direct mean between 
them will in all probability be a close approach to the actual effect of 
the mountain. The attraction of an infinite plain on a point above it 
is entirely independent of the distance of the point from the plain, and 
we have for the plain effect the expression 

2 Ttdh or 15-54 d 

The attractions of the earth at the upper station (Waiau) and the 
lower station (Kawaihae) are, respectively, 

16566-8 A and 16587-6 A 

the linear unit being 1 mile throughout. 



634 U. S. COAST AND GEODETIC SURVEY. • 

The forces of gravity at the two places are, when corrected for dif- 
ference of latitude, 

Q at Waiau = 978-067 dynes 
G at Kawaihae = 978-798 " 

The foregoing values lead ta the equation 

^^^^rr.rrr. ^O'S 15*54 8 

-0.0007470 = - jggg^ + j,5,^;g-^ 

from which - = 0-541 

If we consider the mountain as a cone with an altitude of 2'473 miles 
and radius of base (a) of 30 miles, the attraction becomes 



-^A[l-VWaO=^*"2'^' 



and the resulting value of ~t~ is 0'589. 



A 



We may therefore assume that the density of the earth is 1'77 times 
the density of the mountain, or that the 

mean density of earth = 1-77 x 2-90 = 5'13 
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SUMMARY* 
List of stations occupied in the Bawaiian Islandn, v^ih r(BSutU ohtainedi 

1883^ 1887- 1891-2» 



No. 



Station. 



I 

2 

3 

4 

5 
6 

7 
8 

9 
lo 

II 

12 

13 
H 
15 

i6 

17 
i8 

19 

20 
21 

22 

23 

24 

25 
26 

27 
28 

29 

30 
31 
32 

33 



Nonopapa 
Waimea "B" 
Waimea"A" 



(( 



it 



11 



Hanalei 

Koloa 

Puuloa 

Kahuku 
<< 

Honolulu 

(( 

Waikiki 
it 

(i 

Lahaina 

Haiku 

Pakaoao 

Kaupo 

Hana 

Kailua 

Napoopoo 

Kawaihae 

Kohala 

Ka Lae 

Waimea 

** (west base) 
Waiau 
Kalaieha 
Hilo 



Island. 


Date of occu- 
pation. 


Height 
(feet). 


Latitude. 


Longitude. 






Of// 


^» tn. s. 


Niihau 


Sept., 1892 








Kauai 


ti it 








a 


Feb. and 
Mar., 1887 




21 57 00-8 




(( 


Sept., 1892 








(( 


Mar., 1887 




22 12 56-5 




ti 


(( (( 




21 52 13-2 




Oahu 


Jan., - 




21 19 15*6 




a 


Feb., " 




21 43 o6-i 




it 


Nov., 1892 








(t 


June, 1883 


12 






({ 


Apr., 1887 




21 18 02'5 




it 


June, " 


10 






<t 


" 1892 


20 






tt 


May, 1 89 1* 








it 


June and 
Dec, 1 89 1 


10 


21 16 24*3 




tt 


Jan. and 
June, 1892 


10 


21 16 247 


10 31 18 -6 


Maui 


June, 1883 


10 


20 52 22-8 




(( 


Aug., 1892 








(( 


June, 18S7 


385 


20 56 02 -6 




it 


July, ** 


9846 


20 42 51-0 




it 


July and 
Aug., 1887 




20 36 40-8 




it 


July, *' 




20 45 38-9 




Hawaii 


June, ** 




19 38 20-9 


- 


(1 




Aug., 1892 








( 




July, *« 


8 


20 02 05-9 




( 




Apr., 1887 




20 15 29-3 




( 




May, " 




18 53 517 




(( 




July, 1892 


2772 






(( 




(( - (( 








(( 




(( (( 


13060 


19 48 52-0 




ti 




it it 


6660 


19 42 02 -6 




tt 


Apr. and 
May, 1887 




19 43 II -2 




ft 


July and 












Aug., 1892 









* Transit of Mercury. 
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SITMMABY. 



List of stations occupied in the Hawaiian IsJandSy toith results obtained. 



• 

No. 

I 
2 

3 

4 
5 






Magnetic elements 




Force of 


gravity. 


Declination (east) . 


Dip. 


Hor. inten. 

1 

1 


Relative. 


Absolute. 




10 

9 
10 


/ 

01-4 

463 
035 


/ 

40 385 
40 22-7 

40 20 '2 


Dyne. 
0-2928 
02931 
0-2882 




Dynes. 


6 

7 
8 

9 

lO 

II 

12 

13 
14* 

15 


10 

10 
10 


147 

16-3 
05-2 


41 25-7 
40 42-2 

39 55*5 


0-2938 

0-2951 
0-2981 


0-998 836 

0-998 852 
0-998 808 

0-998 776 


978959 

978975 
978-932 

978-900 


16 










0-998 792 


978-916 


17 
18 

19 

20 

21 


9 


089 


39 20 -8 


0-2989 


0-998 724 

0-998 790 
0998 142 


978-850 

978-914 
978-279 


22 






« 








23 
24 

25 
26 


9 
9 


08-1 
20-6 


37 35-8 

38 11*2 


0-3024 
0-30x2 


0-998 672 


978-799 


27 
28 

29 

30 
31 
32 


9 
8 

10 
9 


03-6 
50 
22-7 
52-6 


38 28-0 
38 410 

38 34*3 
38 47-8 


0-2982 
0*2996 
0-2950 
0-2954 


0-997 913 
0998 352 


978055 
978-485 


^i 


8 


22*4 


39 23-3 


0-3062 







* Time of transit = 4'' 43"" 57*, second and third contacts. 
The relative forces of gravity refer to the value at the Smithsonian Institution in Wash- 
ington. In the. absolute column this is assumed to be 980-100 dynes, and the given values 
are the best ones attainable from the three expeditions. 



